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SUMMARY 


‘ORDNANCE TARGETS 


JAPANESE TORPEDOES AND TUBES - ARTICLE i 
SHIP AND KAITEN TORPEDOES 


General: Japanese ship torpedoes can be divided into three classes, 
using 1004 oxygen, the Second air, and the third electricity, 


Oxygen Torpeaoes;: The details of the most important of the 100% 
oxygen types are as undernoted: 


the first 


‘ Nodel | Modification 1 (destroyers) 


Speed. and 
Range Knots Meters 
49 . 20,000 

40 32,000 

36 40,000 


Explosive Charge .......... 490 kg (1078 1bs) 
BO Type 93, Modei 3 
Speed and. . 


Range ots Meters 


49 15,000 
40 25,000 
‘36 30,000 


Explosive Charge .......2., 780 kg (1700 lbs) 
' ype 95, Modification 1 (submrines) 
Speed and : 


Range ‘Knots Meters 


49 - 9000 
45 12,000 


Explosive Charge ..icsscccce 405 kg (891 ibs) 
_lype 95, Model 2 
Speed and . 


Range ' Knot Meters Yards 


5500 6000 
7500 8200 


Explosive Charge erercoesee 550 kg (1210 lbs) 
Air Tor edoes: During the recent war Types 02, 02 Special, and 05 


air torpedoes were designed, and these are the Only modern air torpedoes 
(apart from aircraft torpedoes) used by the Japanese Navy. 


NIT *L°0-01-1 





O-01-1 | CONFIDENTIAL 


: The 02 and 02 Special (1942) are 18" torpedoes which very closely 
resemble the Type 91 aircraft torpedo, of which they are modifications. They 
us® an eight-cylinder, two-row, radial engine of the Whitehead type. The 02 
and .02 Special were designed for small submarines and motor torpedo boats. 


,. The Type 05 (1945) is a lowyspeed, short range, 11" torpedo designed 
for small motor torpedo boats. A five-cylinder swash plate engine operating 
on the. .wet heater cycle and developing 7 hp is used. Only two models of this 
type were manufactured. 


Electric Torpedo: Ths 21" Type 92 submarine electric torpedo was 
. designed in 1932. Research was started in 1921. Owing to its ease of manu- 
facture, the Type 92 was used extensively during the war for submarine arma- 
‘ment. The following performance is claimed: 


Speed COOP CSO COREE OE OES eee eer ere DEDesareeeererecerens 28 to 30 knots 
Range COOP CCC oH eee reo esrenrernsenerceseneseeseeoeceeses 7500. vards 


_ Development of the Use of Oxygen for Torpedoes: Japanese experi- 

mental, work on, the use of oxygen in torpedoes was commenced in 1917 but dis- 

- GOntinued shortly afterward. In 1928 research was reopened, and in 1933 the 
first 100% oxygen torpedo (24" Type 93) was designed. 


The design of all subsequent oxygen torpedoes conforms to-the same 
general plan. ‘The 18" Type 94 oxygen aircraft torpedo has been included in 
the report. The main features are: 


-1. Use of air or carbon tetrachloride at start of un. 


2. Use of sea-water as diluent. This involved the design of a "buffer" 
chamber to smooth the flow of sea- water from the diluent pump. 


Be New design of generator. 


he | Special precautions to avoid: contact between lubricant and high 
7 pressure oxygene. iN : 


Oxygen and Fuel Vessels: The oxygen vessel bodies of earlier types 
of torpedoes consisted of a forgad steel body with hemispherical ends. In the 
Type 93, Model'l, Modifivation 2 and subsequent torpedoes the body and after 
end were forged in one piece using a 4000. ton press. The forward end is 
turned with a plain face joint and the cover is inserted into the body and 
bolted to it. A copper washer is used as jointing material, the gas pressure 
being used to make the joint. ; 0 


The fuel vessels are of a design similar to the oxyeex 
are screwed onto then. ; 


. Repeated pressure tests to check the safet 
on three or four vessels, the tests being repeated with 
jal. 


é 


Dp 


Power Unit of the Oxygen Torpedo: The engine < 


Whitehead design, having two double-acting cylinders 
line, with the reversing gear forming the connection : 
The enginé has been modified in certain details to enz 
as diluent and to develop the additional power require= - 
at 50 knots. 


A double-acting, Single-throw reciprocatin 


engine to supply sea water for displacing the fuels an2 
/eenerator, the surplus being used to cool the engine. 
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The engine Operates on the "Rankinet cycle and has ga theoretical 
efficiency of 13.8 bercent. The aceual efficiency of the Propulsion system 
is 9.6 percent. 


general views of the 


These offi- 
t that the excellence 
‘performance of oxygen +t : dvantages of hand= 
ding and preparation, (See Enciosures (B)) 


Ranging of Torpedoes: yY of Japanese 
i four 21" Type 95, 

The perfor- 
In all, eight runs 
but for the re- 
ns an average performance of 49.2 knots to 2750 yards was ob- 
I cks of the torpedoes of which Photographs were obtained were 

very slight. 


In view of the lack of proper ranging facilities it was not consi- 
dered feasible to range the TY 3, 93, Model 1 for which a performance of 49 
knots to 22,000 yards was claiiea, sult of their investigation, 
“ever, the authors a se claims for their oxygen torpe- 
does are justified, “5 


- Heads: Prior to 1940 the Japanese 
the Italian strea head was fitted to Ja 
is claimed that this head ino 
crease of engine output. 
with streamlined heads which 

The explosive filling used in all Japanese torpedo warheads con- 
sisted of a mixture of: 


Trinitro-toluene RNG eo eee eRe Ne Shain nwa wna es Cakcwery 60% 
Hexanitrodiphenylamine SOC eter ene OREM SES CUD e wee sea sae ig cig GA 40% 


"Homing" Torpedoes: In an effort to develop a "homing" torpedo, 
se undertook experiments with hydrophone-squi pped torpedoes designed 
Home” on & seund source, . Two Principles were- employed, one depending on 
ths differénoe in gound sntensity at two points, the other on phase differ- 
ence. Only electric torpedoes (Type 92) were used for the experiments, _ 


The research met with only limited’ success, and the experiments 
° Were finally abandos.4. 


Systems: Two magnetic influence firing pistols 
the Type "i" and Type "OR", respectively, 
3 mpleted in 1944 and accepted by the 
The type "OR® was in the early stage of experi- 
not been undertaken, 


ment of a turbine torpedo to meet a Naval Staff requirement of 60 knots to 
9000 yards. In 1936, after preliminary work at YOKOSUKA, the design of tur- 
bine units Fl, F2, and F3 suitable for 24" torpedoes was undertaken. 


furbine Tor sdoes: ~ About 1936, the Japanese undertook the develon- 


diluent in the generator. Deposition of 
des was prevented by injecting a zine chlo- 
@ the induction Ting. Zinc chloride lowers the melt- 
and prevents its crystallization at the temperature 


3: 
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* The development was finally abandoned because of the technical daif- 
ficulties involved in meeting further staff requirements. 


Japanese Torpedo Production: Some data on the numbers of torpedoes 
produced from 1931 to 1945 was obtained from the U.S. Strategic Bomb Survey, 


It appears that no differentiation in type was made for the various diameters 
so that, axcept in the case of pee Type 02, the total production cannot be 


split into types. 


The numbers were small and quite inadequate for the services for 
which the torpedoes were intended. 


. KAITEN Torpedoes: The one-man KAITEN torpedo was developed by the 
Japahese to direct the torpedo onto the target and to obtain greater weight of 
explosive and greater range; the last at the expense of speed. 


-The first KAITEN was designed in 1944. In all, four types of KAITEN 
were designed - 1, 2,°4, and 10. Only Type 1 was used operationally. 
: a 


; el: This was essentially ‘based on the Type 93, model 3 torpedo 
and, in fact, the Type 93 torpedo (without head) was used almost un- 

changed for the propulsion system‘of, KAITEN 1. The maximum speed of this 
type was 30 knots with a range of 25,000 yards at this speed. Over 3000 
pounds of explosive were carried in the head. The total weight was eight 


tons. 


Type 2: KAITEN 2 was designed in 1944 to operate on hydrogen perox- 
ide, hydrazine hydrate and kerosene, using sea water as diluent and oper- 
‘ating on the wet heater cycle. A new engine, known as the No. 6 Engine, 
was designed. It was a two-row, vertical engine with eight cylinders. A 
special generator was designed. The KAITEN 2 was considerably larger 
than KAITEN 1. The following are some of its main characteristics: 


Weight Se aie wk ale Sie a eiwela re Ole 6b Wie W06ile! Cees Wie 6 Cee wie ws 056 nee Ne 18 tons 
Length COC Pe dO OHH CEH TE SEDER OHO SHEER ECHR EEH ESE OEHEEH~ HO ESS ES 50 ft 
Diameter Sha la h'6.ee-a0 ia 6:0 6.0 0se <6 0:00.00. 0 601026 0508-020 6.0 6 066 6:0 Oe ete Th LU 
Horsepower COSC SOR HHS OTH SOHO HEE HHEBHE HL EDHE TEC CEH ENE EO BEES 1500 
i Maximum Speed cesccccercscverevccsssvessvevesevesssece 40 knots 
Range at 40 knots cccccccccercve-seceseeeseesesese 27,000 yards 
Weight of explosive Tete eeeseeeeecneeneseeneeseeeeee ss 3000 lbs 


The KAITEN 2 never underwent sea trials, but these.were about to be 
carried out when the war ended. 


Type. 4: With an adequate supply of peroxide for KAITEN 2 in doubt, 
work was begun on the design of KAITZEN 4. This KaITEN had the same over- 
all dimensions and weight as Type 2, but it was designed to run on oxy= 
gen. The No. 6 Engine was: used in conjunction with two Type 93 torpedo 
generators. Carbon tetrachloride was used for safe starting. 


Trials with KAITEN 4 were disappointing. The use of two Type 93 
generators was not satisfactory, and the oxygen consumption was poor. 
Larece percentages of unburnt oxygen appeared in the exhaust. 


Sea trials of KAITEN 4 were unsatisfactory. The speed realized nev- 
er exceeded 25 knots. 
Type 10: In the main, the KAITEN 10 consisted: of the Type 92 elec- 


tric torpedo with a pilot's cockpit built in. It was designed for the 
defense of Japanese coastal waters, but it wag never used in service. 
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REFERENCES 


Locations of Targets: 


Japanese torpedo development was carried out at YCKCSUKA, KURZ, 
HIRO, MAIZURU, TOKYO, KANAZAWA, NAGASAKI and SASEBO. 


This investigation was made mainly at the Kure Naval Arsenal, but 


_ visits were paid to establishments in TOKYO, YCKOSUKA and KiAkAzZavn. 


Japanese Personnel Interviewed:’ 


t 


-Admiral S. OYAGI - Graduated about 1920 from Yokyo Imperial Univer- 
sity where he studied ordnance engineering and then went to the Tor- 
pedo Department, KURE; joined the Torpedo Experimental Department, 
KURE, when it was started in 1923; spent about two years (1926-27) 
at Whitehead Torpedo Factory, England; upon returning to Kure Exper- 
imental Department he engaged in oxygen research; was one of the 
pioneers responsible for the development of the oxygen torpedo, (the 
others were ASAKUMA, KITA and WATANABE); left KURE in 1934 to join 
Naval ‘Technical Department, TOKYO on fundamental research side of 
torpedoes. Supplied general information on ti.e development of the 
oxygen torpedo. Speaks English. 
it, . 

Admiral S. NARUSE ~ Graduated apout 1920 from Tokyo Imperial Univer- 

sity where he specialized in ordnance engineering; spent most of his 


“ career in Yokosuka Torpedo Department; visited England about 1924 as 


Ordnance Inspector, and. spent about two years there; upon returning 
to YOKOSUKA he studied aircraft torpedoes and designed Type 91; un- 
dertook research on turbine engine in 1935; came to KURE in 1937 and 
continued turbine research with Commander HORIitat the Kure Torredc 


Experimental Department; in 1941 joined Yokosuka First Naval Techni- 7 


cal Arsenal where he was engaged in the development of the aircraft 
torpedo. Expert in aircraft and turbine torpedoes. Speaks #nglish. 


Rear Admiral KIMOTO ~ Studied ordnance engineering at Tokyo Imrerial 
University for three years; spent two years in Germany attached to 
Japanese Naval Representative in Berlin, as torpedo inspector; from 
1939-1942 assistant to the head of Naval Technical Department, TCKYC 
in an administrative capacity; from Sept., 1943 to August 1945, head 
of Torpedo Department, KURE. Responsible for design and production 
of torpedoes and their supply to the fleet. Hes general knowledge 
of the administrative side of the Naval Technical Departments. 


Gaptain K. WATANABE - Graduated from Imperial University about 1925, 
specialized in Ordnance Engineering; engaged in manufacture and re- 
‘pair of torpedoes at YOKOSUKA; about 1930, went to Torpedo Depart- 
ment, KURE, where he studied torpedo design with particular refer- 
ence to the oxygen torpedo; in 1934, joined Naval Technical Depart- 
ment, TOKYO; in 1937, visited U.S.4. as Japanese ordnance inspector, 
spent about two years there; in 1939, visited Italy and brought back 
to Japan three Italian torpedoes; returned to KURE and worked in 
Torpedo Experimental Department for about one year, then held the 
-post of chief torpedo designer in Torpedo Technical Department. Has 
wide knowledge of design and manufacture of torpedoes and KAITEN. 
Supplied information on development and design of Type 93 torpedo. 
Speaks English. 


Captain NAKAMURA - Destroyer commander. Details of career are given 


in Enclosure (A). ° Supplied information on his experience in the use 
of surface ship torpedoes. 
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4/32; entered Navy, t & @ course S at Yokosuka Navel 
School in Ordnance and &eneral naval training, then went to Kure 
Torpedo Department where training in fundamental torpedo engineering 
was received for about one year; A Mm hs on cruise 
stroyers and submarines Studying the Operationa 
from 1935, i i 
torpedoes a 


@en torpedo. ¢ 
tion with Lt. Comdr. 
tion on the de 
Speaks English, 
Commander R, NAGAN 
mechanical en 

i 3 went to Germany in 1937 to 
ent to Italy as Naval Inspec. 


sis on ™ nal Vibration of Japanese 
and its Damping". NAGANO was the designer of the No. 5 Engine for 
KAITEN; he Supplied information on this subject, Speaks English, 


Lt. Comdr. H. WwASE = Specialized in biochemistry at Sendai Imper- 
jal University and was graduated in 1935; studied corrosion of me~ 
tals at Sendai University fron 1935 to 193 3 entered the Navy in 
1937 and studied torpedo ordnance at YOEOSUKA; Spent some months 

7 gen plants and compressors; in 1939 

>d on the use of hard chromium plate. 

Slide valves of torpedoes; in 1944 condu 
Peroxide propulsion, KAVASE Supplied a 
compressors, carbon tetrachloride for st 
KAITEN 2 research, Speaks English, 


Lt. Comdr. 

1937, takin 

in ordnance; entered Navy; st 

suka Naval School; from 1940 to 1 i aining at SASERO 
where he was engaged in production and repdir of torpedoes and tubes; 
Subsequently at Kure Torpedo Department where he spent some time in 
the Experimental Department and then engaged in manufacture of tor-- 
pedoes: and KAITEN; towards end of the war was connected with the 


idget submarines, 


Supplied tremendous amount 
the oxygen torpedo. Speaks English. 


Lt. Comdr. ITAKURA - Submarine commander. Details of his career are 
given in Enclosure (B). Supplied information on his experience in 
the use cf submarine torpedoes, 


Lieutenant Kazuo SHIOTANI ~ Completed his education at the Hiroshima 


Technical College in 1933 ana entered the Navy as so 
school; has worked continually in the Tesearch depar 
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@ 


Commander Y. HORI - Gr 
1932: 


partment; in 1 

and about 1944, became head of this Department. 

HORI -was engaged in the design of propellers and 

general engine development; was final] 

KAITEN design. i 

gen torpedo, 

. tion with Lt. Comadr. H. KA 

tion on the development and detai 

Speaks English, 

Commander R. NAGANO - Graduated from Tokyo Imperial University in 

mech in 1932; entered Navy; worked at the Marine 
artment, YOKOSUKA; went to Germany in 1937 to 
i i ent to Italy as Naval Insrec- 

3 Appointed chief designer of 

iesel engines at Naval Technical Department, TOKYO; was granted Dom 

torate: of Engineering by Tokyo Imperial University in 1943 for the- 

sis on "Torsional Vibration of Japanese Marine Diesel Engine Shafts 

and its Damping". NAGANO was the designer of the No. 6 Engine for 

KAITEN; he suprlied information on this subject. Speaks English. 


Lt. Comdr. H. WASH = Specialized in biochemistry at Sendai Inoper-~ 
ial University and was graduated in 1935; studied corrosion of me- 
tals at Sendai University fron 1935 to 1937; entered the Navy in 
1937 and studied torpedo ordnance at YOKOSUKA; spent some months 
studying oxygen plants and compressors; in 1939 went to KURE where 
he researched on the use of hard chromium Plate for main shafts and 
Slide valves of torpedoes; in 1944 condu 

peroxide propulsion. KAASE supplied a 

compressors, carbon tetrachloride for st 

KAITEN 2 research,. Speaks English. 


Lt. Comdr. I. FUKUDA ~ Graduated from Tokyo Imperial University in 
1937, taking his degree in mechanical engineering and Specializing 
in ordnance; entered Navy; studied Ordnance for four months at Yoko- 
suka Naval School; from 1940 to 1942 continued training at SASERO 


of Japanese 
ing of oxygen tor- 
Supplied i i on every aspect of 
the oxygen torpedo. 


Lt. Comdr. ITAKURA - Submarine commander. Details of his career are 
given in Enclosure (B). Supplied information on his experience in 
the use of submarine torpedoes, 


. Lieutenant Kazuo SHIOTANI ~ Completed his education at the Hiroshima 


Technical College in 1933 and entered the Navy as soon as he left 
school; has worked continually in the research department of the 
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INTRODUCTION 


- The purpose of this investigation was to obtain as much information 
as possible on the development, performance and Operation of all types of 
Japanese ship and one-man KAITEN torpedoes. 


The method used’ was to examine specimens of each type, to interro- 
gate Japanese naval personnel, to carry out ranging trials, and to heave draw- 
ings made of novel or unusual components. Fortunately Specimens of practi- 
cally every type were found in KURE, the principal development center. No 
drawings or test results were available, so much valuable information is miss- 
ing which it would have been desirable to include, Quantitative data has been 
collected in the metric system; in many instances the English equivalent is 
given. 


The investigation did not cover the Types 6, 8, 89 and 90, which 
were air torpedoes and were designed before 1931, Although these torpedoes 
were used in the war it was considered that the design was now obsolete. 


tailed record of the methods has been g 
ing. It was possible, however, to obtain 
the views of the Chief Experimental Designer on the lines of the future devel- 
opment of the torpedo which would have been adopted by the Japanese, 


. Since the report has. been written in the field, without the usual 
facilities, reference books, etc., it has not been possible to verify ail the 
figures. As far as time has Permitted, as many as possible have been checked, 


ns Inasmuch as it was not possible to prepare drawings of all the parts 
of all the torpedoes, the facilities available were concentrated on those de- 
tails of special interest, ; 


The authors would Like to acknowledge with many thanks the following 
‘contributions: . 4 


Lt. Comdr. J. LAVERACK, RNVR = Guiding and homing torpedoes. Japa- 
‘nese influence firing systems. : 


“Lt. Comdr. N. GOLDSWORTHY ,GC.GM.., RANVR 
Lieut. L. BLACKWELL, USNR 
--Ensign S. BARTLETT, USNR - Exploders 


Lt. Comdr. R. BROOKE, RNVR.- Power unit, Type 92 electric torpedo 


Lieut. J. QUINE, RNVR - Interpreting, organization of the field ex- 
peditions and production. of the report 


R. M. KERWIN, PhoM2e, USNR 
R. F. TRAUB, PhoM3c, USNR - Photography 


Finally the authors would like to express their appreciation of 
being permitted to work ag part of a U.S. Naval Technical Mission and their 
pleasure in so doing. : 
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THE REPORT 


IDENTIFICATION MARKINGS ON JAPANESE TORPEDORS 
Type | 

The type number on a J 

which the first 

appreciate, 


be acquainted 
Calendar and ¢ 


Ounding of the Expire 
S€@ Calendar, corres= 

is obtained Dy adding 660 

* Corresponds to the year 
The torpedo referred to 

wo figures of thig year, 

Similarly the Type 97 was 
2597 or 1937 AD, 


The following table gives a list of torpedo types which are dated accorg. 
ing to this system * 


Dating by Emperor's Reign 


In addition to dating their year from the founding of the Enpire, the 
Japanese also fix their year by naming the reign of the Emperor and 
numbering the years following his accession. The present reign igs known 
as *SHOWA', and it began when Emperor HIROHITO ascended the throne in 
1926 (1st year SHOWA). Thus 1945 A.D. was the 20th year syowa. The pre~ 
vious reign was Known as 'TAISHO! and the one before that, 'MEIgqI', The 
durations of these reigns were as follows: 


Christian Calendar {A.D.) 


1868-1912 

1912-1926 

1926- 
It will be n Emperor's reign coincides 
with the firs r's reign, Thus lst SHOWA 


‘and 15th TAISHO h refer'to the same year, 1926 A.D. In the Same way, 
both 1st TAISHO ana 45th MEIJI refer to 1912 A.D. 


The following types of torpedoes have derived their type numbers from 
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this system of dating: 
TORPEDO TIPE YEAR OF DESIGN 


z Japanese Calendap "Cristian Calendar 
Emperor's oién Founding ‘of Empire = 


4h = th year MEIII ; 1911 
6 6th year TAISHO. 1917 
8 ‘8th year TAISHO 1919 


It must be remembered that the above principles fix the year of design of 
& particular model but do not indicate the number of years of research 
which may have preceded the design. For instance, the Japanese devoted a 
great deal of research to the development of an Slectric torpedo as early 
as 1921, but the electric torpedo used during the recent war takes its 
type number (Type 92) from the experimental model which Was built in 1932 
as the result of the previous research, 


Exceptions 


% exceptions to the foregoing principles, Types 96 
th developed in 1942, although their type numbers suggest 
elopment took’ place in the years 1936 and 1938 respectively. 

epparent.anomaly will be understood, when one realizes that Type 96 
is a modified form of Type 95 ana therefore is not a new type torpedo, 
It was assigned the next type number to * Type 95. In the 
Seme way, Type 98 (sometimes called Special’) is a nodir ed . 
form of Type 97 and was consequently the Succeeding type n ber, 


Subsidiary Markings 


In order to differentiate between the main type of torpedo and its various 
models, four main identification markings are used, These are shown 
below, with corresponding English equivalents: 


Japanese Symbol Hepburn Spelling English Equivalent 


f Shiki Type \ 
i kata or gata Model 

wel _ Kai ‘Modification 

be te exe Oe Peas) me 

Except in the case of aircraft torpedoes, the Japanese equivalent of 
'Maris* is not used in any of their modern torpedoes, In general, "Model' 
is used to denote & major change within the 'Type', whereas *Modificatian' 
denotes a change of a lesser nature, Where used, "Markt has the Same 
Significance as *Model', 


TRANSLATION OF SHELL MARKINGS - 2h" TYPE 93 MODEL 1* 
eG 1. 1-93 Mod. 1 KURE No. . ar 
Date Madé 3 Forffera end of air vessel 

2. Oxygen charging stop valve 


Stop valve for No. 2 air 
; Close Open Forward end of air vessel 


Oxygen charging valve Forward end of air vessel 
he Fuel. filling plug Center of fuel chamber 
5e Relief valve Center of fuel chamber 
6. Fuel drain Plug Center of fuel chamber 
(underside) 


*See Page 22 for corresponding Japanese characters 
iocations of shell merkings, \ Teeny en ane 
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7 


Separator drain plug 
Fuel-separator exhaust 


Cleaning hole for fuel 


chamber 


Cleaning hole for fuel 
chamber 


Aperture for testing relief 


valve lub. oil filler plug 


Fuel strainer 
Relief valve for fuel chamber 


Relief valve 


When depth dial shows 6m the 
marking on dial & base line 


, Of adjusting & shell must 


coincide 


Shallow Deep 


Non-return valve 
Oxygen delivery stop valve 


Close Open 


Steering air stop valve 


Close Open 

Charging valve for steering 
air ; 

Stop valve for lst air vessel 


Close Open, 
Charging valve for lst air 
vessel 


Pipe connections 
Exhaust from steering 
Air to oil chamber 
‘Fuel supply to generator 
Air stop valve to tube 
starting valve 

Reducer adjustment 


Water filling plug of No. 1 
reducer | 


Water filling plue of No. 2 
reducer 


Oil filling plug of No. 2 
reducer 


Center of fuel chamber 
(underside) 


Center of fuel 
{portside) 


chamber 


Center of fuel 
(starboard) 


chamber 


Top of oil chamber 
Top of oil chamber 


Front. of forebody buoyancy 
(top) chamber 


forebody b/c. (top) 


forebody b/c. (top) 
forebody b/e. (top) 


forebody b/c. (top) 


of forebody b/c. (top) 
of forebody b/c. (top) 


forebody b/c. (top) 


Front of engine room {top} 


Engine room (top) 
Engine room (top) 


Engine room { top) 





at Rek-BE ne 
foto | RA 


aT ER. 

PE BNO 

eA 

HE Bb HE Bc 

FP ee apo 

HS Sn. 

Ree Sr0 

. Pee RRR 
FAA 20 

PR Be 


aa ee ee 


Wwe BLS Be 
EH 
a Bw ro 
. EAL OF) wf aH ohh 
Dk oe Bees Bie 


wh gl pow 
Ket 
go ie mo be 
eee Be a hw 
soe CRA 
g- aKa mt ee 
it R- x Gh, 


$- THE nf WA 


2 (EB 
#M4nEakMo 
_ £ Miz 
EM Se 2D 
& PR (ee eo 
EM G2 em 
AK DRO 
KEH ARE 
a Hh eet 
ie sate WO 
AG DK 
on ke we 
kb 4H Go 
al. Alshie HA, Abs 
na, 33,3¢ ARB REPRO 


gs R-k Heo 


ob AL, 0 Heh 
at *e4E BD Be 
39 ABR FL 


4. #95 O, eat Okt 


AD 
go 4% HE @b 
a Ab ie HE ih, OB 
4a $E NG B ay Hp RO 
43,44 2 @ ae 
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a Rk ft 


eo 


41 #8437 A 

48 $2 RIO 
Raha 

A wikia + 

50 x «Of 

SAE 3h 1 — 

a Fane 

2, ts or, | OE 


a 
AER AR Bh, en BOP 7 BE 
ger @> RK spans BZ 


3 EY HRT 

64 Hake HE A 
ct RH oe HE 

st ER GT 

58 eet ARR MRA 
sq 4 NO 

go FBC SE AH 
1 62,63 th RRO 
a 4e HE 49 OO 
wo fH RRO 


$) 
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FIGURE 1 
DEVELOPED VIEW OF SHELL 
TYPE 93 MODEL 1 





0i1 filling plug of No. 1 
reducer 


Water & fuel nozzle 
adjustments 


Aperture for flow-meter 


Engine starting valve in 


. group 


Range setting aperture 


Filling plug for buffer 
chamber 


Ignition delay gear 
IGNITER hammers 


Oil strainer and, drain plug 


Drain from steering air 
bottle ‘ 


Drain from steering air 
bottle 


Drain from steering air 
bottle 


Drain plug of ist air vessel 


Connection between depth gear 
& servomotor 


Dial for rudder locking 
Dial of horizontal rudders 
Down 

Adjusting hole for gab rod 
Cleaning hole for horizontal 
rudder 


Rudder locking gear 


{s 
Air strainer for servomotor 


Oil drain from buffer 
Engine anchoring 

Engine anchoring 
Non-return valve (water) 


Pipe connection from oxygen 
stop valve to group 


Water inlet to buffer 


Securing screw for buffer 
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Engine (top) 


Engine (top) 


Engine (top) 


Engine room (top) 


Engine room (top) 


Engine room (top) 


Engine room (top) 


Oil chamber (underside) 


Oil chamber (underside) 


Oil chamber (underside) 


Balance chamber (underside) 


Balance chamber (underside) 


Engine room (underside) 
Engine room (under side) 


Engine room (underside) 


Engine room (underside) 
Engine room (underside) 
Engine room (underside) 
Engine room (underside) 
Engine room (underside) 
Engine room (underside) 


Lub. oil chamber (portside) 


Engine room (portside) 
Engine room ( portside) 


Engine room ( portside ) 
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49. 


No. 2 air 
Pipe connection from génera~ 


‘tor to the piston of buffer 


chamber 
Lub. oil 
Pipe connection from old 
pressure regulator to the 
Piston of buffer chamber 


Water 
Pipe connection from pump to 
buffer chamber 


Lub. oil 

Pipe connection from oil 
chamber to oil pum 

Water from buffer chamber 

to generator 

Air from tube-operated start- 
ing valve to servomotor 


Assembly of after body to 
engine room 


Separate: 

When assembled tighten 
beyond the marks 
Non-return valve for fuel 


Gonnecting hole for adjusting 
rudder locking gear 


Assembly of afterbody to 
engine room 


Air strainer 


Starting valve for steering 


air 


Relief: 


Safety valve 
Aperture for air testing 


KURE No. 
KURE No. 


Connecting hole. for rudder 
rods 


‘Drain plug for cylinder 


Drain plug for cylinder 


“ 


Drain plug for Gylinder 


Connecting hole for rod of 
rudder 


Engine room ( pertsdde) 
Engine room (portside) 


Engine room {(portside) 


Engine room (portside) 


Engine room | portside) 


Lub. 0i1 chamber (starboard) 
Engine room (starboard) 


Engine room (starboard) 


Rear buoyancy chamber 


Rear buoyancy chamber 


Rear buoyancy chamber 


Rear buoyancy chamber 


underside 
Rear b/c (downside) 


underside 
Rear b/e (downside) 


underside 
Rear b/c (downside) 


underside 
Rear b/c (downside) 


underside 
Rear b/c (downside) 
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ee 
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12. 


Ld 


15. 


Above markings} are 


13. 


16. 


*See Page 28 for corresponding Japanese 
location of shell markings. 


V 


Assembly of tail 


Adjusting hole-for gyro 
angling 


Assembly of tail 


Type 95 Model 2 factory no. 
Material of oxygen vessel 


Oxygen charging valve 


‘Oxygen charging stop valve 


Filling plug for fuel 


Cleaning hole for fuel vessel 
Gleaning hole for fuel vessel 
Fuel drain plug 

Forebody relief vaive 

Fuel strainer 

Fuel non-return valve 


Gharging valve for steering 
air 


Stop valve for steering air 
close open 


Steering bottle drain plug 
Oxygen delivery stop vaive 


Water non-return valve 


Depth setting 
deept }shallow 

When depth dial shows 6 meters 
the markings on dial and base 
line of shell must coincide 
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Rear b/e (starboard) 


Rear b/c ( portside) 
Rear b/c (-portside) 


as on Type 93 Modification 1. On Type 93 Modifications 2 
and 3 the Japanese wording is more abbreviated but the meaning and location 
remain the same. 


TRANSLATION OF SHELL MARKINGS - 21" TYPE 95 MODEL 2* 


Forward end of vessel 
center top 


Forward end of vessel 


top port 


Forward end of 
top starboard 


vessel 


Center of fuel vessei top 
fuel 


side 


Center of vessel 


starboard 
fuel 


Center of vessel 


port side 
Center of fuel 
underside 


vessel 


Center of balance chamber 


top 
Center of balance chamber 
top 
Center of balance chamber 
top 


Rear of ‘bafance chamber 
top starboard 


Rear of balanco chamber 
top starboard 


Center of balance chamber 
underside 


Rear of balance chamber 
top port 


Rear of balance chamber ton 


Rear of balance chamber 
center 


characters snd Figure 2 for 
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17. 


18. 


19 ° 


20. 


al. 


22.6 


236 


24. . 


25. 
26. 


27. 


28. 
29. 
30. 


31. 


Fuel pipe connection from fuel 


vessel to generator 


Water pipe connection from 
diluent sea water Pump to 
buffer chamber 


Filling plug for buffer 
chamber i q 


Oil pipe from distributor 
to buffer chamber 


Engine assembl 
assemblef haiegseeabia 
Oxygen pipe connection from 
delivery valve to group 


Oil filling Plug No. 
of reducer 


2 stage 
Water filling Plug No. 2 
Stage of reducer 


O41 filling plug No. 1 stage 
of reducer ' 


Water filling plug No. 1 
Stage of reducer 


Steering air. Pipe connec- 
tion fron Stop valve. to tube- 
Operated starting valve 


Servomotor non-return valve 
Aperture for flow meter 
Engine assembly 


assemblet }disassemble 


NAGASAKT factory number 


Rudder locking gear 


Dial of initial Setting of 
horizontal rudders 


Steering air Strainer for 
servomotor 


Rear buoyancy chamber relief 
valve 


Tube~operated Starting valve 
for steering valve 


Lub. oil Strainer 


Port 


Port 
Port 


Port 


Rear of engine 


side 


Starboard 
room 


Starboard 
room 


Starboard 
room 


- Starboara 


room 


Starboard 
room 


Starboard 
room 


Starboard 
room 


Starboard 
room 


Side 


side 


side 


Side 


side 


side 


side 


side 


Rear of engine 


starboard 


side 


Rear of engine 


center 


side of engine room 


Side of engine room 


side of engine room 


Side of engine roon 


room port 
of engine 
of engine 
of engine 
of engine 


of engine 


of engine 


of engine 
of engine 


room 


room top 


Underside of Sngine room 


Underside of engine room 


Underside of engine room 


Rear of buoyancy chamber 


top port 


Rear of buo 


top port 


yancy chamber 


Rear of buoyancy chamber 
top starboard 
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_REAR END 


_ FIGURE '2 
DEVELOPED VIEW OF SHELL 
TYPE G5 NODEL ‘2 
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* _ Steering air strainer for. ‘Rear bUoyancy chamber 
_ . steering ‘engine eae top starboard : 
"Lub. 041 filling plug “>. Rear buoyancy chamber top 


- Alignment mark of tail with 4 
rear buoyancy chamber ‘Rear buoyancy chamber top: 
Assembly of tail s 7 + Tail top 
:, Lub; of] drain o: Rear buoyancy chamber 
a tN sonal geen ei ont Oe underside 
ARACTERISTICS OF JAPANESE TORPEDO TYPES ! 
“Type 6 (6th year) - Designed in-1917 for submarine use. Four-cylinder 
radial engine (Schwartz-Kopf Co., German type). Uses air; used to a 


‘gmall extent on older type submarines (RO-60, 61, etc.) during the recent 
‘war. -No variations of this type. | : . 


peed. and - a ‘ 
‘Range: — Las - Knots - “ Meters Yards 


B60 fos 4 © 7000. 7660 
32 20,000 12,000 
26°22 254.000 16,400 


‘Air Efficiency wcocceseceee 600 hp sec/kg air 
Be _meeeese 13.2 Lbs air/ Pp hr 
Explosive Charge -s++desceee 200 kg (484 lbs) 


2h" Type 8. (8th year) - Designed in 1919 for ship use. Four-cylinder ra- 
[ial engine. (Schwartz-Kopf Co., German type). Uses air. Theres are two — 

modifications of this type, but no attempt was made to get detailed in- 

formation. This torpedo, together with Type 6, comprised the standard 

“forpedo armament of the Japanese Navy for about 10 years.. 

Speed and <- Rite a al ; ae 

. “Range : .. Knots ; Meters Yards 


38 oo 10,000 11,000 
32 "15,000 16, 300 
20,000 22,000 


“AST Efficiency .sesceeesees 600 hp sec/kg air 
noe . eeeoeere 1362 lbs air/BHP hr 
- Explosive Charge «eeerereeees 345 kg (759 lbs) 


“= “214 “Type 89 = Developed in 1929 for submarine use. Two-cylinder, double- 
"  -“aeting, reciprocating engine (Whitehead, English type). Uses air. This 
- $ype was used in the recent war, later types not being available in suf- 

ficient numbers. Its use was discontinued at tbe end of 1942. No vari- 
ations of this type. St : 


.... Speed and 
“+ Range ‘ Be: Meters Yards 


5500 6000 
6000 : 6500 
10,000 11,000 
: Air Efficiency -eocecscocecce 700 hp sec ‘kg air 
“i : . eooeeee 11.3 lbs air abt hr 
Explosive Charge sesceeesees 300 ke (660 lbs) 
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Speed and — 


- Range 7 . . Knots Meters Yards 
46 7000 7660 

43 _ 10,000 11,000 

35. \ 15,000 16,400 


‘Pype 91 - Aircraft torpedo. 


“gun Type. 92. Modification 1 - Developed in 1934 for submarine use. Two 


_motor. Due to low speed, this. torpedo did not compete in performance 
“with the Type 95. Due to its. comparative ease of mass production, how 


21" Type. 92 Model 2 - In 1942 the Germans delivered to Japan 10 of thei 


German electric torpedoes at. PENANG, which the Germans were using as. 


24" Type 93'Model.1 - Experimental torpedo. This was the first Japanese 
100% oxygen torpedo and was designed in 1933. Combustion tests, horse-~ 


























4". Type JO --Developed in 1930 for’ ship use. ‘wo-cylinder, double- 

act ng, reciprocating engine (Whitehead, English type). Uses air. Thie:. 
type was used on. second-class destroyers during the recent war, later. = 
types not being available in sufficient numbers. Its use was discontin=:.. 
ued at the end of 1942..°No variations of this type. reas 





a Air Efficioncy osesesscsces 700. hp sec/kg air 
& cpio “Si a * eeeasos 11.3 lbs air/BHP hr 
Explosive Charge cesscceoeee 375 kg (825 lbs) 


21" Type 92 - Experimental electric torpedo, designed in 1932 after many 
years. of research. . . ee : 
lead-acid batteries each of 54. cells. Six-pole, compound, interpole. 


ever, Type 92, Modification 1 came to the fore in 1942 when it was pro 
duced in ouantity to supplement the supply of Type 95. : 





Speed and Oe Se * 
Range: ; Knots " Meters. Yards 





28-30 | 7000 7660 








Explosive Charge sescoeeseee 300 kg (660 Ibs) 





electric torpedoes sogether with. drawings. The Japanese also examined - 
their submarine base for operations in the Bay of BENGAL. The: Type 92, fet 
Model.2 was designed in 1942 after the German type, but was never com=- =. 
pleted owing to the shortage of manpower for the project. : 





















power measurements and running trials were made on this model. The Type 
93, Model 1 was the result of oxygen research which was revived in 1928; 
Several new developments are incorporated in this design, and these ‘may. 
be considered as the chief factors in the successful development of the =: 


torpedo. They.are: Pa 


























1. Use of air for starting. 

2. Use of sea water as a diluent. ; Shee 3 

Be Design of “buffer” chamber to smooth the delivery from the sea: 
water pump. ; ; aes 

4. New design of: generator. 

5. Improvement of. gyro and gyro mounting. 


24" Type 93 Model 1 Modification 1 - Following the success of the trials oo 
with the experimental 93 Model 1, the Type 93, Medel 1, Modification 1 = 
was designed in 1935 for ship use. This type was almost identical in de- . 


sign with the, Type 93 Model 1, but with the following small changes: 
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Strength of bracing ribs ‘in forebody and rear buoyancy chamber 

x increased, 

Increase of cooling water to Piston rod .to prevent the latter 

. cracking, , we 

Helical gearwheel for slide valve 

bronze. The wear on this gear is severe, and Steel, 
bronze and "Silzin" had been used in the Type 93 Model 1 
with only moderate success, . 


- Speed and. . 
Range Knots ; Meters Yards 


49 : 20,000 . 22,000 
40 : 32,000 35,000 
36 40,000 44,000 


Oxygen Efficiency ...... 1800 hp sec/kg oxygen 
ae se+ 404 lbs oxygen/BRP hr 
Explosive Charge eevee ee eeon 490 kg (1078 Lbs) 


4” Type 93 Model 1 Modification 2 - Same as Type 93 Model 1, Modifica- 
7 tion ‘1, in work ng principles but different in many details. Produced 


in quantity between 1936 and 1944. Details of differences: 


‘Le The oxygen vessel in tne. Type 93 Model 1, Modification 1, con-. 
, sisted of a hollow. forging with two dome-shaped caps bol- 
ted at each end. The oxygen vessel of the Type : 
1, Modification 2 consisted of a deep Pressing with one 
integral end and a cap on the other end. This design fa- 
cilitated production, and was used for all later types of 
vesseis,. - 
> Braci er strengthened, 
Gear 2 
worn slide valves in the engine were re- 
Placed with new valves. In this, and all later oxygen 
torpedoes, the valves were repaired in order to conserve 
material, 3 - : 
‘Cooling water to the Slide valves was increased with water from 
overflow of the buffer chamber, | This required a Slight 
; ' modification in the latter, 
6. Instead of an adjacent Pipe lead for sending lubricating oil to : 
to cross-head, a hole was drilled through: the connecting 
rod. . : 


os Performance and explosive charge are same as Type 93 Model 1, Modifica- 
tion 1. - ; 


" 24" Type: Model 1 Modification 3 - This torpedo is the latest type Jap- 

- anese oxygen. torpedo, having been designed in L9LL. Although it was név- 
er used in. operations, successful running trials were completed... This 
type was developed to meet a Naval Starr requirement which asked for a 
longer range for Type 93, Model 3. , 


' The designers of Type 93, Model 1, Modification 3 combined 
system: of Type 93, Model 3 with the Oxygen vessel. an 

93 Model i, Modification 1. 

the same Performance and expl 

cation 1, combined with the i 

Model’ Be a : 


wes an experimental tor pedo designed in 1935 


. Naval’ Staff requirement for a torpedo of higher speed for de- 
stroyers. Only two torpedoes of this type were built, and. experiments 
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were discontinued when research on torpedo turbines began soon afterwards. 

With the failure to bring the latter research to a successful conclusion, 

} the Type 93 Model 2 were recommenced in 1941. Two designs 
he Type 93, Model 2 were; 


1. 
‘Qe 
. Stronger piston rod,. 
inlet pressure 45 kg/em@ (640 lbs/in?), 
Streamlined head (after Italian design). - 


Small pitch of propellers (about 20% less than Type 93 Model 1). 
Higher RPM. Le 


; Three runs were made and a speed of 56 knots was realized. Range, 5000 m. 


24" Ts © 93 Model 3 - Designed in 1943. Improvements were made in the 
propulsion system, and it was fitted with. smaller oxygen vessel and lar- 
ger warhead. Main points were: : 


il. ‘Starting air vessel ("first air vessel") was removed and re- 
Placed by ‘first. liquid bottle, & small bottle (150 ac) 
of carbon tetrachloride. Thus, Starting is effected with 
&@ mixture of Oxygen, carbon tetrachloride and fuel. 
26 Length of oxygen vessel reduced. 
3. Length of warhead increased. 


Speed and 
Range Knots - Meters Yards 
49 . 15,000 16,400 
OQ i : 


4 25,900 , 27 2300 
36 30,000 32,000 


Oxygen Efficiency eocese 1800 hp Seo/ke oxygen 
ve ath. “eeal ded Lbs oxygen/ ar 
Explosive Charge ........e. 780 kg (1716 ibs) 


21" Type 94 Model i - This was an- experimental oxygen torpedo for .wugse 
vom aircraft. It was designed in. 1934 but was never manufactured. Used 
"first air vessel" circuit. Bight-oylinder, radial engine (like Type 02) 


was used. ; 
18" Type 94 Model 2 - Circuit and engine similar to the Type 94 Model 1 
‘The performance, of these two models ware approximately: 
Speed and J 6 WE oe ‘g : 
' - Kno : eter 
Range ! i Kn ts s Yards 
; 48 3000. 3300 


: - Working on the principles employed in Type 93, efforts were 
made in 1935 to design a submarine Oxygen torpedo. These experimental 
models were called Type 95, and the details of the propulsion system 

' Glosely resembled the Type 93. 


21" Type 95 Modification 1. - Production commenced in 1938. As in the 
cases of Type 93, this model Tan on 100% oxygen ana used "first air ves- 


sel", buffer chamber, and sea water pump for diluent. 





_. Speed and - . 3 : 
’ Range Knots ~ Meters 


43" | ~ 9000 

on 45 12,000 

Oxygen Efficiency. .....s 1800 ip. se0/kg oxygen 
pa . wee 4o4 Lbs oxygen/HiP: hr 

_ Explosive Charge cesceccecees 405 kg (891 lbs) 


2i" Type 95 Model 2 - As in the case of +he Type 93 Model 1, the "first —~ 
air vessel" in Type 95, Modification 1 gave rise to trouble due to leaks, 
. @nd.a. pressure drop serious in so si&ll a vessel (7 liters) resulted. 
This problem was solved. by the use of carbon tetrachloride in the case of 
the Type 93, but thd "first air vessel" was removed from Type 95 Model 2, 
and starting was. effected with air from the steering air vessel. It was 


. designed in 1943. Thus main points of difference from Modification 1 are: 
1. . "First air‘vessel" removed. 
2. ‘Torpedo starts on steering air.- 
Gear mechanism to "shut-off" steering air to engine, after a 
o ae predetermined number of engine Tevolutions. 
4» (Oxygen vessel-reduced in length. 3 
| Se: Warhead increased in length. 


‘Speed and ae eee, ; ; 
Range Knots : Meters 


45, 7500 
49 A 5500 


_ Oxygen Efficiency cecees 1800 hp sec/kg oxygen 
| wee 4ek lbs oxygen/BHP hr 


“Explosive Charge ...1..-+e. 550 kg (1210 1bs) 


The method of starting this torpedo on "steering air" is considered by the 
Japanese to be superior to the use of "first air vessel" or carbon tetra- 


. chloride. 


21" 2 6 = Developed in:.1942 for submarines before the successful com- 
pletion of ‘Type 95 Model 2. Due to’ the trouble experienced with the 
"first air vessel" of Type 95, Modification 1, the latter type fell out 
‘of favor with the Naval Staff. Until the trouble was ‘evercome, about 
300 torpedoes: of Type 96. were. made for Operational use in the interim 
period {aboot a year, 1942-1943). 


The Type 96 is very similar in construction to the Type 95, Modification 1 
and was, in fact, constructed by modifying actual production models of 
Type 95, Modification 1. (Thus the identification markings may be con- 
fusing, since a Type 96 may have an: oxygen vessel from Type 95 with ‘Type 
95* stamped on the forward end.) 


The following important points show the differences between the Type 96 
and its ‘parent’ Type 95, Modification 1. 


1. 38% oxygen’ is used in the. oxygen vessel, and as steering air. 

Re No "first air vessel" 1s carried, since the torpedo can be 

safely started with 38% oxygen direct to generator. 

3. The use of 38%. oxygen enables the Japanese to use a thin coat- 
ing of lubricating oil on the valves in the circuit be- 
tween the. oxygen vessel and reducer. Wher using 100% oxy- 

these valves must be completely free »rom oil, and 
resulted in corrosion and irregular functioning 
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Speed and . ise 
Range : , Meters 
| 4500 


Gas Efficiency | eeeee 1000 hp sec/kg gas ‘charge 
eeccceees 729 lds gas/BHP hr 
Explosive Charge eocsceececee 405 ke (891 lbs) 


There were nO variations of this type. 


. 18" ‘Type 97 « - Designed in 1937 and produced in 1938 for use in "midget" 
'.suorarines. This type was used operationally at the beginnins of the war 
(Pearl Harbor), but its use was later discontinued because of troubles 
with "first air vessel", as in the case of the Type 93 Model 1 and Type 
95. Modification 1. The Japanese "midget" submarines (two-man crew at 
beginning of war, later five-man crew) are fitted with two ‘built- -! 
tubes. The "first air vessel" of Type 97 is charged at its operat g 
base, and the torpedoes are muzzle~loaded into the tubes of the "midget" 

submarines, which are then conveyed to their target on a "mother' sub- 
marine. Thus, the pressure of the "first air vessel" cannot de checked 
again before firing. 


Frequently, the. failure of this type of torpedo was attributed to the 
low pressure of. the "first air vessel" resulting in the premature jJeak of 
oxygen into the latter. When the torpedo is fired, & gas very rich in 
.” oxygen is introduced into the generator, and an explosion occurs at the 
instant. of: ignition. 


In. ‘working principles, this type is the same as Type 93 Model 1, Modifi- 
cation 1 and Type 95 Modification 1, with a two-cylinder, double-acting, 
pect proce Sins engine. There were no variations of this type. 


Spéed and ; 
Range ° ‘Knots Meters 
45 5500 


Oxygen Efficiency .....- 1600 hp sec/kg oxygen 
 eeese 5 Lbs oxyzen/BHP hr 
» Explosive Charge eeeesssevese 350 ke (770 lbs) 


18" Type 98 (or Type 97, Special) - Developed in 1942 for "midget" sub- 
marines. This type uses 38% oxygén. It was designed to meet a Kaval 
Staff requirement for an 18 inch torpedo which would avoid the troubles 
experienced with Type 97. Thus, Type 98 has the same relationship to the 
Type 97 as the Type 96 bears to Type 95, Modification 1. The main points 


of difference of the Type 98 from the Type 97 are: 


1. 38% oxygen is used in the oxygen vessel. 

26 No "first air vessel" is carried since the toe pedo can be 
started safely with 38% oxygen. 

30 No steering air is carried, and 38% oxygen from the main ves- 
sel is used instead. L 

4. As in Type 96, the use of 38% oxygen enables the Japanese to 

. use a thin coating of lubricating oil On the valves be- 

tween oxygen vessel and reducer. idien using 100. oxyeen 
these valves must be completely free from oil and this 
often results in corrosion and irregular functioning of 
the valves. 


Type 97 oxygen vessels frequently were used in the construction of Tyre 
98; these vessels have ‘Type 97" staniped on the forware end. Thus, 4 
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Type 98 may be confused with a Type 97.if one relies on identification 

markings alone. - For example, the xoyal Naval Torpedo Factory, Greenock, 

Scotland published a report "S.T.. No. 329" in December 1943 entitled : 
"Japanese 18", Kiodel 97, Torpedo No. 84"; the title of the report was 

taken from the actual markings on the forward end of the air vessel of 

the torpedo. -By examination of the gas feed circuit and the composition 

of the gas. in the oxygen vessel, it will be seen that the torpedo No. 84 

was, in fact, a Type 98. There is no "first: air vessel" in the model, 

and, on analysis, the composition of the gas in the oxygen vessel was 

-shown to be 40% oxygen. There. were no variations of this type. 

18" Type 02. - Designed in 1942 for use on torpedo boats and "midget" sub- 

marines. .Frroduced in 1944. Has an eight-cylinder radial ensine (\Wwhite- 

head, English type). Uses air. This is not actually a new type torredo, / 
but tis a modified design of the aircraft torpedo, Type 91, Modification 3. 

Different air vessel and rear buoyancy chamber are used. 


ch ae. 
Speed and : 


Range’ - Knots — Meters Yards ae 
t 3 ¥ ig 
39 3000 3300 , 
. Air Efficiency coesecesceess 500 hp sec/kg air , @ 


soscosees 15.8 lbs air/BHP hr 
Explosive Charge .escccceesee 350 kg (770 lbs) 


18" Eype 02 (Special) ~ Designed in 1944 to supplement the surply of Tyge 
Ze ery. closely resembles the Type.91, having the same air vessel, fuel 
bottles etc. Thus has greater length and shorter range than the Type 02. 


Speed. and. . 
Range : Knots ‘ : Meters Yards 
ee 39 2000 2190 
Explosive Charge eesescoscese 350 kg (770 lbs) 
Air Consumption .eseseceeseeo 16 1bS/BHP hr 
11" Tvre 05 - Desisned in 1945. for use on small torpedo boats. Two were 
produced. Uses air and five-cylinder, swash plate engine. It was hoped @ 


that this type could be more rapidly produced than the Type 02, but owing 
to its late development it never went into production. 


“ Speed and 


Range : Knots « — Meters Yerds 
20 1500 : 1650 2 


Air Efficiency, .seesceseeees 300 hp see/ke air 
eseseeeet 26.4 lbs air/BHP hr 
Explosive Charge ..essececeeee 60 kg (132 lbs) 


Submarine (21") Torpedoes & 


Type 6 (called by Japanese "6th Year't): Service - 1918-1933. air, = 
kerosene, fresh water; used to small extent on cold type submarines 
in recent war. 


. Type. 89: Service = 1931-1942. sir, kerosene, fresh water. @ 





Type.92,"Model 1: Service - 1940-1945. Bledtric. 
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‘ @ : Type 95, Modification 1: Service - 1939-1944. 100% oxygen, kero- 


sene, sea water. 
Type 96: Service ~ 1942-1944. 38% oxygen, kerosene, sea water. 


Type 95, Model. 2: Service ~ 1944-1945. 100% oxygen, kerosene, sea 
water. : 


Ship (24") Torpedoes . ie 
rpe 8 (called by Japanese "8th Year"): Service - 1921-1932. sir, 
- kerosene, water. Used in smali number on second-class destroyers 
during the recent war.) 


type 90: Service - 1931-1942. Air, kerosene, water. 
Type 93, Model 1, Modifications 1 & Service ~ 1938-1945. 100% 


oxygen, kerosene, ‘sea water. 
2 : Type 93, Model. 3: Service 1944-1945. 100% oxygen, Kerosene, sea ‘ 
: : water. a 
© Type 93, Model 1, Modification 3: Produced in 1945. 100% oxygen, . ¢ 
2 kerosene, sea water. This type did not reach the naval service be- 
e 8 fore end of war.) ‘ 

Small Submarine (18") Torpedoes : 
Type 97: Service ~- 1939-1942. 100% oxygen, kerosene, sea water. 
“Type 98: Service - 1942-1944. 38% oxygen, kerosene, sea water. © 











Zype 02: Service - 1944-1945. Air, Kerosene s fresh water. 








In addition Type 02, Special (18") was designed for torpedo boats, and Type 05 
.(11") for small torpedo boats. Only the first of these was used in service, 
1944-1945. 
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GENERAL DESCRIPTION AND Data 





Modern surface ship torpedoes of the Japanese Navy can be divided into three 
main classes. ; 


' Class a -* Torpedo Type 


Oxygen : 93 
. 94 . 
95 
96 
97 
7 05 
Electric ; 92 


The Type 94, an experimental oxygen aircraft torpedo, was included in the 
investigation in order that all-the information on oxygen torpedoes might be 


OXYGEN. TORPEDOES 





The design of all Oxygen torpedoes conforms te the same general plan, and 

_ Since there are sections of this report dealing with heads, oxygen and fuel 
_ Vessels, circuits, power units, depth gears and gyroscopes, only the general 
construction needs to be considered here. 


. Particulars of each type, model and modification are given in the following 
tables: . ; 


2h" Type 93, Model 1, Modifications 1 ena 2 
Oxygen and Fuel Vessels 


The Modification 1 end early numbers ‘of Modification 2 had two detachable | 
ends of standard Japanese design with the pressure assisting to make the 7 
joint. The fuel separator was fitted in Model 1 because this was origin- @ 3 


_8lly fired from cruisers, i 


: Midsnip Section oe . 
This is of welded steel plate 4e5mm (0.175") thick and lies between the 
fuel vessel and the afterbody. It consists of three sections, 


» Forward section. ~This acts as lubricating 012 container and has in 
add tion two h gh pressure air bottles for supplying Steering sir, 


Genter section. This is the forward buoyancy chamber end contains: 
One steering air bottle 
One "first air vessel" 
Circuit valves . . 
Depth gear 


After section. This is the engine room and is open to the sea, 
t houses: as ean : 


Main reducer 
Dise reducer 
Servomotor and rudder locking gear 
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: ‘Buffer chaser 
Generator. 

. ; Main engine nya anere 
Group 7 


Afterbody 


This is of steel 3mm 0.125") thick welded at the seam, It forms the rear 
buoyancy chamber and. contains: : 


Relief valve 

Two disc reducers 
Gyroscope 
Steeriag engine 
Water flap . 


Pere 


This is a . conical steel forging housing the bearings for the shafts to 
which sea water has access. Woolwich type fins and rudders are used. : 
The horizontal. rudders are of equal size and are larger than the verticel 
rudders which also are of equal size. The propellers are keyed to bushes 

which in their turn are splined (three in number) to the propeller shafts. 
The tail is attached to the afterbody with a bayonet type joint. 


General Data 


Data on the Type 93, Model 1, Modifications 1 and 2, torpedoes are given 7 a 
in a followlns section on the 24" Type 93, Model 3 torped 0. 


2h" Mode 


Research on the ‘Type 93 was started in 1933 and production began in 1937. see 
Between 1937 and 1942 attempts were made to increase the speed of the - 
Type 93. Tests were pesun which | resulted in the experimental Type 93, 

Model 2 torpedo. 


There were two designs, both modification of Type 93, Model 1, with the 
object of Ainereasing engine output. — 





Larger bore of engines and pr epee RPM, No definite information 
about this torpedo was available but it was understood that it was 
not ‘a@ success. 


Hi her inlet pressure. The engine cylinder barrels and heads were : u 
strengthened to withstand the increased pressure, and the diameters ; 
.of the piston rods were increased. With this design three runs were S 
carried out and a speed of 56 knots was obtained. 


The performance compared with that of the standard conneds was: 


i 


Model 1 Model 2 








Speed (knots) 50 56 wa 
a - Generator pressure. 39 45 i: 
— (kg/cm2) 
_ ee REM 1170 . 1300 
. @ : — 2 . ; Horsepower 570 850 
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Tn 1942. it was desired to develo 


explosive than that of Type 93; 


aropped and 


21," e Model 


The carbon tetrachloride cir 
fuel vessels and forward par 


Center Section 


This contains the same units as Modi 
"pirst air vessel" is replaced by th 


YW 
eb 


Type 93, Model 3 with 
other respects the torpedo was the same as 


cuit is us 
ts of the mids 
Model 1, Modifications 1 and 2 


, Engine Room, Aafterbody and Tail 
Te same as in Model 1, Modifications 


pa torpedo 
Model 1. 


details required by the change in the circuit. 


‘2 m e 93 
Data 
Service s 


Used aboard 


Dates 
First design 
‘Production 
Manufacture 
‘Location 


Number made 


Gexera, ee 


General Particulars 


Total weight 
Displacement 
Negative puoyancy 

- Genter of gravity from 


after end 


Center of: byoyancy 
. from after end 


*200 torpedoes were used for ships, 


kg 
1b 


kg 


1b 


kg 
Lb 
mn 
in 


mm 
in 


Model 1 Modifica- 
tions 1. and 2 


Production 


Cruiser 
Destroyer 


1933 
1936 


KURE 
1150 


2700 
5940 


2220 
488k 


£80 
1055 


4966 
195.5 


5000 
197.0 
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ed in this model. 
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with a greater weight of 

Experiments on Model 2 were 

go ke (1716 Ibs) was produced. In 
the Model l. 


The oxygen and 


hip section are the same as in 


fications 1 and 2 except that the 
e carbon tetrachloride unit. 


1 and 2 except for alterations to 


Model 3 


production 


Destroyer 


1943 
L944 


KURE and SASEBO 
560* 


2800 
61'60 


2220 
4884 


580 
1275 


5150 
202.7 


5000 
197.0 


the remainder were used for KAITEN Type l- 





Trim 


Down nose -ve 
Up nose +ve 


Length — 


Heaa 


Oxygen vessel 


- Fuel vessel 


Balance chamber and 
engine room 
Buoyancy chamber 


Teil 


Total 


Passing Conditions 


Head 


Speed 
Range (not less 
than) 


Depth 


Direction wander at - 


extreme range Ror L 


Type of pistol 
Total weight 
Weight of explosive 


Type of explosive 


Vessels 


Oxygen 


Volume 


mm 


in 


mm 
in 


mm, 
in 


mm 
in 


mm 
in 


nm 


in 


mm 
in 


knots 


meters 


yards. 


meters 
feet 


meters 
yards 


" Model 1, Modifica~ 


Sions Land 2 


34 


1400 
552 


3448 
136 


496 
1945 


1580 
62.25 


1456 
57 63° 


620 
24.43 


9000 
35h 05 


36 +8 40 28 ye 42 
40000 poe 20000 
43800 35000 21900 
6 +0.5 

20 41.5 | 


1500 1000 500 


1640 1100 550 


Before war, Type 90 
During war, Type 02 


610 
1340 


490 
1080 


Type 97 


980 
3he3 
4. 


2275 
89.6 


2595 


102.2 


383 
15.09 


1671 
65.8 


1456 
973 
620 
24.43 


9000 
35b05 


+2 +2 
36.55 shore 


30000 25000 
32800 27300 


6 40.5 
20 +1.5 


1000 700 350 
1100 770 385 


#2 
AB 6 


15900 
12100 


Before war, Type 90 
During war, Type 02 


940 
2070 


780 
1715 


Type 97 





Bt 


8 Da Type 93 


- Bressure kg/om2 


1be/in@ 


lb 


15°C Weight of charge kg 29 
60°F 


Composition of gas 


Thickness of wall mm 
Air 


Volume of "first lite 
air vessel" . Pt 


Pressure of "first kg/om2 


air vessel" lbs/in2 


Volume of steering liter 
air vessel (3 bottles) ft 


Pressure of steer- ke/om2 
ing air vessel 1bs/in@ 


Fuel 
‘Composition 


Volume 


Displaced by 
Lub. ofl 


Volume 


Power Unit: 
Reducer type 
Generator type 


Gas outlet temperature 
(estimated) 


‘Number of igniters 
Composition of filling 


Engine 
Type 


Number of cylinders 


Model 1, Modifica- 
tions Land 2 


225 


"3200 


9 
657.8 


100%. oxygen 


12 
0.472 


| 13.5 


0.473 


‘2225 


3200 


40.5 
1.417 


225 
3200 


kerosene 


128 
4h 


sea water 


67 
263k 


2 stage 
wet heater 
660°C 


a 
nitroglycerine 58% 
mineral jelly 5% 
gun cotton 37% 
reciprocating 


horizontal 
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Medel 3 


200 
2850 


204 
448.8 


100% oxygen 


2 
0.472 


40.5 
1.417 


200 
2850 


kerosene 


95 
332 


sea water 


67 
2.34 


2 stage 
wet heater 
660°C 


reciprocating 


horizontal 


2 cylinders, double-acting 
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rh 


"Model 1, Modifica 


tions 1 and 2 


Lhe 
9059 


180 
709 


1.5 


Model 3 


142 
2099 


180 
709 


1.5 


Bore 
Stroke 


. Expansion ratio 
- Qutput | | 


Reducer pressure. 20 


285 
200 
860 
hed 


20 
285 


200 
860 
4e3 


kg/om2 
1bs/in® 


Horsepower 
. RPM 


Oxygen con-_  lbs/BHP/hr 


sumption 
2.8 
8.5 


sea water 


Oxygen/fuel ratio 
“Water/fuel (by vol) 
“ype of diluent 
: Af terbody and Propellers 
Number’ of fins” 


2.6 
8.5 


sea water 


4 
4 


568 
22.238 


330 
20.88 


Number of blades 


Forward blade dia. 


' after blade dia. 


Wake 
Contro}, 8 


Scarcel) visible 


- Depth gear type 


meters 


Depth setting — 
: feet 


Gyro type 


Pendulum type 


2-16. 
6.56 = 52-5 


Type 98 


. Gyro angling +1809 


Note: Model 1, Modification 3 is a combination of Model 1, Modification 
1 with the propulsion system of Model 3. 


18" Type 94 
This. torpedo was intended for use from aircreft. It is discussed in this 
report because, it uses oxygen. Originally there were two models of the 
type; Model 1 was 21" in diameter and Model 2 was 18", otherwise they 
were the same. Only Model 2 was available. (See Figures 3 to 7.) The: 
details of Model 1 were not obtained. 
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FIGURE 4 , 
ENGINE AND GENERATOR, 18” rypp M4 





TYPE 96 


18 ” 


HEAD, 


5 
"8 
S 
5 


“TYPE 94 


1g" 


ENGINE, 
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FIGURE 7 
- ATER BODY, 18" TYPE 94 


Model 2, designed by the Nagasaki Dockyard, uses the principles of Type 
93, Medel 1 and Type 95; Modification 1 torpedoes. It employs the "first 
air vessel" circuit and differs from them only in details, depending upon 
. the preferences of the designers and aircraft requirements® 


It is understood that the performance of the torpedo, from the technical 


aspect, ; was satisfactory but that it-was. not used in service becatise of 


‘the work involved ‘in “its. preparation and upkeep. 


Head - 


‘The standard heads, both exercise and war, were fitted to the 18" torpe- 
does, the standard bayonet type joint being used. 


. Oxygen Vessel — , 
‘The latest design of forging having one intergral end but without 


‘Strengthening band was used. The oxygen lead was screwed through the 
center of the boss in a way similar to that of the 24" Type 93. 


‘To thie forward (open) end was screwed and sweated, in the. same way as the 
fuel vessel of the Type 93,-a domed end having a cover of about 9" dia- 
meter bolted to it externally by 16 3/4" diameter bolts. 


The joint is a spigotted one with a white metal washer. Unlike the Type 
93 and 95 torpedoes_the gas pressure tends to separate the joint faces, 
_ It was understood that troubles due to oxygen leaks had occurred, 


Forward of the vessel and above the dome are the oxygen charging stop 
valve and charging connections. 


The thickness of the extension shell above the domed end 1: 7mm (0.276"); 
» one top guide is fitted. 
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Balance Chamber 

The balance chamber is attached to the vessel by sweated rivets and igs ....: 
divided into two sections. It has ribs machined circumferentially of Jum 
0.118") thickness spaced from 6 to 8 om apart (2.36" = 3.15") to give = © 
additional stiffness for dropping from the aircraft. 


The balance chamber contains: 


First air bottle a. Two fuel bottles 
Steering air bettle Depth gear 


Engine Room i . 
Attached: to the shell, which forms the outer casing of the engine roon, 
ares, : an : ON: 


- Group : Buffer chamber 
Eo Reducer Servomotor 


Between the two compartments is an daspection door, |: 

Oxygen Circuit — os : 

Oxygen leaving the vessel passes first through the oxygen delivery stop 
valve, then through the non»return valve and into the "first air vessel", . 


From the "first air vessel" the gas is led through the air stop valve, 
group, reducer, and to the. generator, 


Steering Air Circuit 


From the steering air bottle the air passes through the charging stop 
valve: and hence to the syroscope and servomotor,. 


Water and Fuel Circuits 
EUS 


Brine. from the reciprocating pump is supplied to the buffer chamber, It... 
is used for diluent in the generator, to displace the fuel, 


The proportions. delivered to each were not forthcoming. 


The two fuel bottles are connected in series, The fuel from them flows 
through a non-return valve to the generator. : 


Depth Gear 


‘This is of the standard pendulum type with no special features. 


Reducer 


‘The small, single stage reducer has a water bottle and an 01] bottle 
attached. ; : i 


Group | 


‘In the: group casting the controls for both the oxygen and steering air 
circuits. are combined. The main group valve is in the oxygen circuit as” 

. Usual but in this instance it is opened by the water flap mounted on the 
“top of the shell, The steering air circuit valve is operated by a rack — 
.and pinion, the rack" being pulled up by an attachment to the plane, when 
the torpedo is released. . 
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: Buffer Chamber 


. This is of the standard design except that the oil for lubricating the 
‘regulating valve is contained in a small bottle which forms part of the 
' main casting. The oil is displaced by water from the pump. 


Generator i 
The generator head is.of standard phosphor bronze material and is a cast- 
ing. In it are housed two igniters of standard diameter, mechanically . 

_ fired, There are also inlets for oxygen, fuel and water. Since the tor- 

pedo has only a Single speed, there is no necessity for variatle rating 
plugs; chokes are merely fitted into the pipe connections. A fuel sprayer 
- of the same design as that of the larger diameter oxygen torpedoes, but 

“smaller in size, is screwed into the top. In the same way the design of 
_ the combustion plate etc. are copies, on a Smaller scale, of those-of the 
Type 93... a ; a 


“The outer chamber is of 18/8 stainless steel, bolted to the head, and has 
two outlets, welded to its bottom. 

gm ye 

The engine is an eight-cylinder, two-row radial unit, the same as is 


used in the Type 91 and Type 02 except: 


1. Inlet branches of rear bank cylinder heads are a bronze casting 
a and are carried ,up flush with the forward bank. « 
2. ‘Itt place of the shutter-type water pump the sea water cooling 
ny | - pump is a gear type, mounted on the starboard side and 
_ driven rrom au extension of the crankshaft. Cooling water 
- goes to both cover plates of the cijank case. 
3e Diluent sea water pump. This is an addition. It is a double- 
acting, reciprocating pump, gear driven from the engine 
sheft. On its side is mounted an auxiliary water tank to 
give additional capacity in the circuit. 


. The engine has poppet valves. A workman who had been engaged on the 
development work stated that no’ trouble was experienced with the deposi- 
tion of salt.. This is interesting in view of other statements that the 
Poppet valve could not be used with sea water. The explanation would 
appear to lie in the fact that the run was so short, 3000 meters, there 

. Was not time for the valves to stick. British experiencé with brine has 
_ indicated that poppet. valves would operate satisfactorily for a few runs 
of three minutes duration. The lubricating oi1 circuit is governed by a 

Small oil distributor, There are no special features in its design. 


Rear Buoyancy Chamber 


This contains the center tube and the gyroscope, Type 91, and steering 
engine. It is of welded plate. 


‘fail and Propellers 


The tail is a conical forging with integral guide slots into which the 
fins fits It is bolted onto the afterbody in the standard British manner, 
It. ‘contains ithe lubricating oil bettie and the mitre reversing gear. ‘The 
fins and rudders are of the R.G.F, type, i.e. in front of che propellers, 
‘The propellers aré the same as those of Type 91.and Type 02, although the 
‘Speed is. 48 knots compared with 40 and 38 respectively. They have four 
blades which are keyed to bushes splined to the shaft. 


At 
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es ; : O01 | 


6 


Since ‘this is an aircraft torpedo no tabular statement of the data was 
opees tet the point of interest being only the use of oxygen. 


21" Modification 1 

aD and Fuel Vessels 

‘These. are: the same as those of the Type 93. Modifications 1 and 2. 
_ Balanoe Chamber 

This contains: 


One "first air vessel" Depth gear 
te One steering air vessel Circuit valves 


Engine Room 
in this” are housed: 
Buffer chamber Reduve> 


Servomotor Generacor 
Group — bos Engine cylindérs 


“Afterboay and Beil 
This contains: 


Engine -erankcase ; Gyroscope 
Reversing gear Lubricating oil bottle 


General Data ey 
Data on this torpedo are given in the following section. 
21" Type 95, Model 2 

Orpen and Fuel Vessels 


These are. the same as Type 95, Modification 1 except that there is no 
' fuel separator, the volume being anetiere 


’ Balance Shember 


This is the ‘seme as Modification 1 except that there is no "first air 
vessel", The steering air vessel is the same size. 


 Bagine Room, Afterbody and Tail 
These are the same as Modification 1 except for the design of the group. 
= - pit Type 95 fo. Modification i : Model 2 
“Service : Production Production 


Used aboard ‘ - Submarines ~ Submarines 
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Dates 

First design ; 1935 | 1943 
+ Production . 1938 : 19d, 
Manufacture . 


Location 
“Nufiber made. 


General Particulars 


Total weight 


Displacement 


Negative buoyancy 


Center of gravity from 


after. end 


Center of: buoyancy 
from after end 
Trim - down nose 


“Leagths — 
Head - 


“Oxygen vessel 

Fuel vessel 

Balance chambér. and | 
engine roor 

- Buoyancy chamber 
Tail 


re 


: - Eassing Conditions. 


; Speed 


Range (not less 
than) 


Depth 


KURE and NAGASAKI 
1450 


1665 
3660 


1345 
2960 © 


320 
70k 


4003 
1575 


3990 
156.7 


-13 i 


1530 
60 «3 


1729 
68.1 


271 
10.67 


1540 
60.65 


1430 
56.3 


650 
2526 . 


7150 
281.5 


a 45 18 49 2G © 


12900 9000 © 
13300 9850. 


5 40.5 - 
16.4 +126 


50 


‘KURE and NAGASAKI 
- 500 


1730 
3800 


1345 
2960 


385 
847 


4,060 
160.0 


3990 
15607 


-70 
-2.75 


1750 


68.9 
. 1029 


4005 


e71 
10.67 


2020 
79.95 


1430 
5603 


656 
25.6 


7150 
281.5 


7 is. 22) 49 e °s 


7500 "5500 
+8200 6017 


“640.5 


16 a1. 6 
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Direction wander at Meters 
extreme range LorR yards 


Head - 


‘type of pistol 

Total weight 

Weight of explosive 

‘Type of explosive 
Vessels 


Oxygen 


Volume | liters 


ft3 
Pressure kg/om2 


lbs/in2 


Weight of charge kg 
: lb 


Compgsition of gas 
Thickness of wall 


- Volume of first liters 
air vessel £3 


Pressure of first 


kg/em2 
air vessel 


lbs/in2 


Volume of steering gates 
. eir oe ft 


' Pressure of steer- 


kg/om2 
ing air 


1bs/in2 


Composition 


“Volume 
ft 


. Displaced by 
Lube oi) | 


Volume 


liters: 


250 170 
275 187 


Before war, Type 90 
During war, Type 02 


495 
1090 


405 
890 


Type 97 


386— 


- 13.5 


215 
3060 


113 
248.6 


100% oxygen 


10 
0.394 


7 
0.245 
225 


"3200 | 


15 
0.525 


215 


3060 


kerosene 


50 
1.75 


sea water 


130 90 
143° 99 


Before war, Type 90 
During war, Type 02 


635 
1395 


550 
1210 


Type 97 





Power Unit . 
Reducer type - 
Generator type = 


Gas rab aah ua 


(estimated 
Number of igniters 


Composition of filling. 


Engine 

aye": 

Number of cylinders 
Bore | 

i 


Stroke =, 


S 


Expansion ratio /’- 
. Qutput 


Reducer pressure kg/om2 


lbs/in? 
Horsepower > 
RPM 


Oxygen: consumption 
ibs BHP/hr 


Oxygen/fuel ratio 
Water/fuel (by vol) 
i “‘Bype of diluent 
ae - Afterboay and Propellers 
ae ‘Number of fins , 
Number of blades 
Forward blade dia 


iy 


After blade dia 


Wake 


330 430 
(1150 1250, 
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it 


2-stage 2-stage 


wet heater. 
660°C 


wet heater 


660°C 


2 


nitroglycerine 58% 
mineral jelly 5% 


‘gun cotton 37% 


. reciprocating 


horizontal 
2 cylinders, double acting 


130 130 


5.62 5262 


160 160 
6.3 : 6.3 


1.5 1.5 


22437. 22. 37 


312 525 | 
330 430 
1150 1250 
4.3 


312 525 


4e3 


2.8 
8.5 


2.8 
8.5 


sea water 


| 4 or 6 


he 
482 

18.8 

439 

17.3 . 

Searcely visible 
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Control 


Depth setting 


Gyro type 
Gyro angling 


; & modificati 
air vessel"; it uses 38% 6 


. 21" 
Data’ : 
“Service 
‘Used aboard 
First design 
Production 
Manufacture - 
Location 


Number made 


General Particulars 
LS 


Total weight 


Displacement 


| Negative buoyancy 
Center of gravity 
(from after end) 


Center of - buoyancy 
from after end) 


“Trin (down nese) 


Lengths 
Head 


Depth gear type 


Standard Pendulum 


2- 16 
6.5 = 52.4 


Type 98 


S very similar to the Type 95, 
he latter, The Type 96 


Production 


Submarines 


1942 
1942 
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Oxygen vdesels mm 
Feel veaser. = __ mm 
oe a . din 
- Balance chamber and mm 
engine: room yin 

: Buoyancy chamber. mm 
i BP a . in = 
Me. Pe a mn 
a ae -in 
eos? ae Metal 52 2 mm 
Passing Conditions 
Speed :, _ knots 
re a meters 
WEES tt 2 yards 
Depth | * " meters 
' feet 


Direction wander at: meters 
extreme range Lor R yards 


Head 5 ; 
Type of pistol 
Total weight 


svi 
Weight of explosive 


xplosive | 


Vessels 


Oxygen 
Volume — liters 386 
page Pte: 43-5 


Pressure aa  kg/em2 215 
lbs/in* 3060 


Weight of charge kg 106 | 
| ee : 1b 233.2 


38% oxygen 
10 
0.394 
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7 Ady 


Volume of steering, Livéeg 15 
air vessel - $7 0.525 


“ Pressure of steer-— ke/om 215 
ing air vessel tesa? 3060 


Fuel 
Composition ' kerosene 


Volume 50 

3 1.75 

Displaced by sea water 
‘Lube oil 


Volume 22.8 
: 0.80 


Power Unit 
: Reducer type a. 32 Standard two-stage 
Generator type : Standard wet heater 


. Gas outlet temperature 660°C 
: (estimated) 


. Number of igniters 2 
. Composition of filling - nitroglycerine 58% 
mineral jelly 5% 
ey gun cotton 37% 
- Engine’ aia reciprocating 
Type _. horizontal 
‘Number of cylinders 2 cylinders, double-acting 


“Bore. = 130 


Stroke 160 
6.3 


Expansion ratio — (Led 
Output : 

- Reducer pressure . : “tg /om2 - 36 
lbs/in® 4,83 
‘Horsepower "400 
RPM = 1220 


Oxygen consumption . 
lbs/BHP/hr 8.0 
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Oxygen/fuel ratio 9.0 
Water/fuel ratio 5.0 


Type of diluent sea water 


Afterbody and Propellers 


Number of fins & 

Number of blades = ii 

Wake a visible 
Control : - 
Depth gear type stendard pendulum 


‘Depth setting 2 = 16 
: 0.5 = 52.5 


98 
4180° 


Type 97 was: designed at the end of 1937; development work was Carried. on 
in 1938, and Started at the beginning of 1939. Behaviour 
© were good. . » With the normal facilities, it could 
isfactorily, but at sea, in small Submarines, difficulty 
was experienced in preparation and maintenance, 


When about 100 torpedoes had been produced the percentage of oxygen was 
decreased from 100 to 38, no "first air vessel" being used. The torpedo 
Was reclassified as Type 98. i 


Since relatively few small submarines were produced, the number of torpe- 


does required was not great. 


Type 97 torpedoes were 

Harbor, Subsequently, . 

These were of Standard "firs 

The difference between the two types was gs 
or steering air vessel was fitted in the 


A full description of Type 98 (Type 97 Special) is @iven in Scientific 


- and Technical Report No. 329 dated December 1943 of the Royal Naval 
Torpedo Factory, Greenock, = 


18" Types 97 ana 98 Type 97 type 98 (97 Special) 
Date | . 


Service Production. ‘Production 


o Use.aboara - ‘Small submarines Small submarines 


Dates - | 
First design 1937 LS 1938 
Production . _ of 1938 1939 
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Manufacture 


Location 


Number made 


General Particulars | 


‘Total weight 
Displacement 
‘Negative buoyancy 


Center of gravity | 
(from after end) 


Center of buoyancy 
(from after ena) 


ao (down 


nose 


_ Length: 


Head 


Oxygen and fuel 
vessels 


Balance chamber. 


Engine room - 


. Buoyancy chamber 


Tail 


Total 


Passing Conditions 


Speed , 


it 


Range 
Depth 


Direction wander at 
extreme range LorR 


mm 
in 


mn 


in 


mm 
in 


mn 
in 


Im 


& in 


mm 
in 


mm 
in 


knots 

meters 

yards 
‘ 


meters 
feet 


meters 
yards 


980. 
2156 


729 


1604 


251 
352 


3112 


122.6 


3145 
123.9 


~33 
-Q 18 


1800 
70.9 


1590: 
62.6 


423 


16.7 


427 
16.8 


780 
50.8 


580 
2209 


5600 


220.6 


45 +1 


5500 


6017 


5 +025 
16.4 21.6 


80. 215 


“8705 +1604 
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KURE 
130 


950 
2000 


© 729 


1604 


221 
1,86 
3116 
124.7 


3145 
123.9 


-21 


1800 
70.9 


1590 
62.6 
423 

16.7 


427 
16.8 


780 


30.8 


580 
22.9 


5600 
220.6 


Al +1 


3200 
3500 


3.0 +0.5 
9.8 +1.6 


40 +10 
43.2 +11 
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Type of pistol 
Total weight 


Weight of explosive 


Type of explosive 
Vessels 
Oxygen 


Volume 
_ Pressure 
- Weight of charge 
Composition of gas 
ts Thickness of wall 


Air 


iN) 
Volume of "first 
air vessel" ... 


Pressure of "first 
. air vessel". 


Volume of steering 
air vessel . 


Pressure of steer- 
_ ing air vessel 


Fuel 
Composition | ~ 


Volume 


“Displaced by 
Lube O41 F 


. Volume 
Power Unit 
_ Reducer type 


Generator type - 


liter 
Pt 


ke/om2 
lbs/in® 


kg 
Lb 


mn 
in 


iiter 
. ft 


‘ke/om® 
-lbs/in® 


literg 


ft 


ke/eme 
1bs/in@ 


156 
5246 


200 
2810 


41 
90.2 


100% oxygen 


7.0 
0.275 


beQ | 
O.1k 


220 
3140 


720 
0.245 


230 
3266 


kerosene 
20 

0.7 

sea water 


5.0 


2-stage 


wet heater 


59 


156 


5.46 


175 
2485 


37.8 
83.2 


38% oxygen 


7.0 
0.275 


kerosene 


20 
0.7 


Sea water 


5.0 


2-stage 


wet heater 








Gas outlet temperature °C 500-600 
“a : Number of igniters, ee) 

7 Composition of filling 
. : gun cotton 37% 
Engine 


reciprocating 
Type Py horizontal 
Number of cylinders. 
Output 
‘Reducer pressure ke/em? 36 
i lbs/in® 511 
ce Horsepower 205: 
0 RPM 1200 
: Oxygen/fuel ratio 3.0 
‘ Water/fuel ratio vol 8.0 
_. Type of diluent sea water 
| Afterbody end Propellers 
“<7 Number of fins 4k 
Number of blades 4 
a Wake scarcely visible 
» Controi 
a 7 Depth gear type pendulum 
Depth setting . meters 5 
— : feet 16.4 
Gyro type fourth year 
Gyro angling | | *180° 


th 


AIR TORPEDOES 


18" Type 02 and 02 Special 


General 





to deal only with the differences between the 
the engine. ‘ (See Figure 9.) = 





The differences are as undernoted: 


nitroglycerine 58% 
mineral jelly 5% 


The motive fluids are air, fresh water and kerosene. 





500-600 
2 


two cylinders, double-acting 


30 
426 


152 
1100 
7.5 
3.5 


sea water 


A 
4 : 
visible 


pendulum 
3 

9.8 
Tourth year 


£180° 


As this torpedo is very similar to the Type 91. aircraft torpedo, 
adaptation of it for use with small submarines and MTB's 
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, it is proposed 
two torpedoes, except for 






CONFIDENTIAL 


iLAP 


EERING ENGIN 
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STARTING 
LEVER 


SLIDING 


FIGURE 9 
CIRCUIT DIAGRAM, 18" TYPE 02 (SHALL SUBMARINE) 


Pune 


OU 


DISTRIBUTER STRAINER 


ENERATOR / CYLINDER 


NON- RETURN 
VALVE 


i 


el 
Ls 


a“ 


FRESH WATER 


(2208 200 %ty) 


AIR VESSEL 





CONFIDENTIAL 


Torpedo type. Type 91 Type 02 
Performance 
Speed. knots 42 +1 39 41 


Range . meters 2000 es 3000 
: 8, yards 2183 3283 


Air vessel . 


Volume. liters 184 223 
: ft? 6.4 a8 


Pressure ; ke/cem? 180 200 
a lbs/in? 2556 2840 


Balance: chamber 


_ Number of water bottles 2 (kidney shaped) 1 evasion of air 
a ane ' vessel 


Capacity literg 14.1. 22.5 
2, ft7 0.49 0.788 
Fuel botties yy ae . 
. Capacity liters 4 : 729 
ft3 O.1h 0.27 


Gircuits wo, Similar except where modified to suit 
& the number of bottles 


Starting mechanism Special Group lever and «; 
water flap 


Top stop _ no - yes 
| Stabilizer (air) yes no 
Shape. of afterbody : This is shorter in the Type 02 to 


accommodate longer air vessel and balance 
chamber for the same total length. 


Propéliers — Strong to stand Standard 1g" ship 
hea : dropping from the torpedo design. 


air. = 
Ht 


Fal details, of the Type 91 torpedo are given in NavTechJap Report "Jape 
: anese Torpedoes: and Tubes, Article 2 - Aircraft Types" Index No. 0-01-2, 


(See Figures 10, 21, 12(a) and (b).). 
Type end Leading Partioulars ; 
Eight, cylinder 2 ‘ two~bank, radial 


Bore 90 
305k 


Stroke — 85 
3635 


62 
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FIGURE 1 
ENGINE C: 
FIGURE 12 
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| Swept volume 


‘Max. Horsepower 
Mex. RPM 


Inlet Pressure kg/om2 
lbs/in2 


Air consumption 
Lbs/BHP/hr 


. Expansion ratio 


Weight without kz 
generator — Lb 


Wet heater _- 
Air/fuel ratio — Io = 12.5 
Water/fuel ratio | 3.0 = 3.5 


Gas inlet temperature 700 = 800°C 
(estimated) 


Generator , 


The head is. of the standard phosphor=bronze material; it is of the White- 
head type, having two igniters fired by light hammers. Kerosene and 
fresh water are used, and since the torpedo has only a Single speed, no 
rating plug is required, chokes being fitted where necessary. The com 
bustion chamber body is of heat-resisting steel without welds. It is 
screwed into the generator head and has a Teshaped outlet of 23mm dia- 
meter (0.906"). The generator is mounted on the front of the engine. 


Air Circuit 


Air enters at the side of the generator and is fed into the top of the 
generator head. Ths choke to supply the feeding head is simply ea hole of 
8mm (0.3125") diameter drilled in the casting. The diameter of the main 
inlet supply is 1émm (0.709"). An air supply to the top of the fuel and 
water bottles is taken from the top of the casting prior to the choke. 


The main air supply ig bifurcated just before the choke, 60% by=passing 
the choke and entering the combustion space through a steel baffle plate, 
10% going through the center of the generator with the fuel. 


Water Circuit 

The water enters at the side of the generator head and enters the combus= 
tion space through a series of small holes outside the steel baffle plate. 
The baffle plate is held in place by a ring screwed into a shoulder af 
deep; this forms the outer chamber. The rating choke is screwed into a 
nipple in the head. 

Fuel Circuit 


' The nozzle is similar in design to that of the Whitehead torpedo. The 
body is of phosphor-bronze having a steel sprayer passing down its length. 
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Gy and the fuel 
the way down, 


Rating 
Fuel liters 1.8 10-5 


Water’ - liters 4.6 40.1 
W/P ; LO : 305 


The pressure used is 1 kg/em2 (14.2 lbs/in?), and the duration of the 
test is two minutes, 


Combustion Mainfola J 
meaemtion Mainfold 


- Each- outlet from the generator supplies four cylinders through pipes of 
25mm (0.985") bore. The Pipe bifurcates twice i @ pair of 
. forward and one pair of rear cylinders, 

tion and are bolted to 

trouble has been experi 

The excessive length or 

why a water to fuel rati 

the engine, ‘ 


Cylinder Heads. 


These are & phosphor-bronze Casting with the thread for the union nut cut 
‘into the casting, The head ig screwed onto the: top of the detachable 
steel liner, Co; derable difficulty has been experienced with the Pipe 
connections due to the necessity of screwing the heads up to line. 4A 
Plug is screwed into the center of the head, the hole being required to 
Obtain the engine timing, 


“The valve cap joint is made by a fibre washer, 


The valve seats: are detachable and are.screwed into the valve chest, 
Integral with the seats are the valve guides, beth being of phosphor- 
bronze. The JOint. at the bottom is knife-edged ana the thread makes the 
Joint at the. top, The. seat is not locked in place, There are four ports, 
9mm (0.355") wide ana 16mm (0.630) tone, 


The valve stem has four Cil grooyes, 


The valve springs are of bronze and are totally enclosed; they are 
retained in place by a spring Cap positioned by a square on the rear eng 
of the stem. ._ E : ; 


The Leading particulars are: 


diameter of head of 
‘Valve - 
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Lift 
Mean spring diameter 


Wire diameter 


. Maximum compression 
Gylinder Liners 
These ars detachable and 
- two-thirds from the botto 


screwed into the head. 
-holes, 


are 


The main details are: 

‘Bore 
Thickness (minimum) 
Exhaust. ports 

if 
First row ° 


Diameter 


: Number 
Second row- 
-. Diameter - 
iu “e 
Number 
Piston = 
The piston is made of bronze. 
skirt but only thrust pads. 
‘ pring. There are two gudgeon 
Piston measurements: 


. . Diameter 
Clearance 


'. Exhaust ports 
(Width 


- Length 


The main exhauSt ports consist of two 


Z 
0.236 


mm 
in 


26.2 
1,03 


not measured 


Tel 


mm 
in 


kg 


of. steel; they are 


machined with a flange 
They are bolted int 


Oo the body as well as 
rows of 


mm 90 
in 3.55 


mi 3 
in 0.118 


mm & 
in 0.315 


“20 


mn 6 
in 0.236 


20 


The piston is of the 
Th 
e 


aircraft type with no 
@ piston is fitted with a Single cast iron 
xhaust ports in the crown, 


89.5 
3526 


0.5 
0.0197 
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Distance: apart mm 35 


Equally spaced on each side of center line of piston. 
‘Piston ring measurements: ; 


" Width . s ae 
a 


. Thickness —_ ~ 2.5 
a 0.10 


Gp 609 
Free diameter mn 93) 
A bronze shell. is inserted:.-into the knuckle end to form the bearing sur- 


face. The: gudgeon pins are a push fit, covered by the. piston ring and 
are locked by grub screws. 


Connecting Rod 


This is of H-section steel having ports in the knuckle end to suit those 
in the piston. The foot of the rod is unlined and has oil grooves and 
holes. : 


Length mm 46 


in 1.81 


Width « - mm 22 
(Projected area) in 0.83 


Crankshaft. 


The two-throw crankshaft cranks at 180° have no intermediate bearing. It 
is of steel and is made in two parts with the crank cheek squares on the 
central web. These are locked in position by grub screws. The crank 
webs are recessed to form the retaining rings, and the cams are formed on 
the balance weights of the external webs. Tt is mounted on ball bearings 
at each end and has a three-splined drive for the propeller shaft. 

“The two crank pin bushes are of bronze. 

‘The main dimensions are: ° 

“Forward bearing journal 


Diameter 
Length 


~ Crank pins ic 


' Diameter 
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Crank pin bush 


‘+ Internal diameter 


External diameter 


Back bearing journal 
Diameter ° mm 55 
in 2.17 


Length mm 25 
: in 0.99 


Engine Casing é 


This is a steel casting, elight-sided, of 3.5mm thickness, It is machined 
only to give joint *aces. The cylinder liners slide in and are secued 
by nuts on the ing.de. Tappet lever brackets are screwed and sweatd to 
%. Front and baék covers are bolted to its flanged ends. 


Front Cover 
This is a bronze casting bolted to the engine casing by 16 bolts; a fiber 
washer is used to make the joint. It contains at its center the forward 
bearing race. An extension from the main shaft passes through it to 
drive the water pump, 011 distributor and upright shaft. 


Back Cover 


I a 
This is of steel of 4mm (0.157") thickness and flanged to mount the engine 
in the afterbody. It is bolted to the engine casing in e manner similar 
‘to the front cover, It has the housing for the after cranksheft ball 
race which is retained by a ring nut. : 


Engine Cooling 


The external surface of the engine is cooled by sea water circulating 
through the engine room. ‘The internal cooling is carried out by a water 
pump of the double-shutter type. The delivery is through a non-return 
valve discharging via a passage around the casting through four outlets 
dnto the crankcase, a : 


Engine Lubrication 


Oil is supplied at reduced pressure to the two-point oil distributor. 
One connection feeds oil to the sight valve stems, and the other fee 
oil down through the center o? the crankshaft to the big end bearing 

, The lubrication of the ball bearings, pistons and knuckle ends is by 
splash. 4 ' 


4 


Engine Timing 


To time the engine a bronze timing cover, graduated in degrees, is fitted 
in place of the front cover. A dummy spindle carrying a pointer is in- 
- serted in the forward journal. 


18" Types 02 and 02 Special Type 02 Type 02 Spezial 
Data 
Service Production Production 
, 69 
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Use aboard — MTB Midget subs 


Dates 
First design 1943 


Production “1944 


Manufacture 
ieee 


- Location KURE YOKOsuKa 
HIKARI, and Maizunu 


Number made 850 


General Particulars 
a farticulars 


Total weight 1000 
2200 


Displacement om 735 
1617 


Negative buoyancy kg g03 
4 583 


Center of gravity 3250 
(from after end) 128.0 


Center of buoyancy 3170 
(from after end ) 124.5 


Trim (down nose) . 5 _~80 
=3 elk 


Lengths 


Head ot 1800 
de 70.09 


Air vessels : 1330 
: on 52.4 


Fuel vessel 260 
in 10.2 


Balance chamber and 850 
-6ngine room 33.48 


Buoyancy chamber 780 
30.75 


Tail 580 
. 22.85 


Total 5600 


220.5 
Passing Conditions 


Speea’ 39 2 
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Range , meters 


yards 
Depth meters — 


feet 


Direction wander at meters 
extreme range L OrR feet 


Head 
» lype of Pistol — 


Total weight 
Weight oe ©xplosive 


Type of explosive 
Yesselsg . 
Air 


Volume liter 
ft 


Pressure ke/om2 


Lbs/in? 


Weight or charge kg 
: 1b 


Composition of ‘gas 

‘Thickness of wall 
Fregh Water 

Volume. 


Weignt - 


Fuel 
Composition 


Volume liters 
x £t3 


Displaced by 
‘Lube ofj 
Volume 


3000 
3280 


3 +0.5 
9.8 +1.6 


45 
147.6 


Type 02 


4L5 
980 


350 
770 


97 


220 


707 


200 


2850 


de 
119 


Air 
7. 
0.276 
20 


0.71 


20 
4d, 0 


kerosene 


702 
0.252 





' Power Unit 


Reducer type 
Generator type 


Gas outlet temperature 
(estimated) 


Number of igniters. 
Composition of filling 


Engine Type . 
Number of cylinders 


Bore - 


Stroke 


Expansion ratio 


Output 
Reducer pressure 


Horsepower 


RPM 


Air comsumption lbs/BHP/hr 


Air/fuel ratio 
_Water/fuel ratio (vol) 
Type of diluent 


Afterbody and Propellers 


Number of fins 
Number of blades 


Diameter fore 
Diameter aft 


Wake 


Control 


Depth gear type 


kg/em* 
Lbs/in@ 


2-stage 


» wet heater 


750°C 


2 

nitroglycerine 58% 
gun cotton 37% 
mineral jelly 5% 
Radial. 

8 


90 
3055 


85 
3655 


207 


34 
483 | 


150. 
1200 
16 
Il 
3.0 


fresh water 


6 


4 


380 
15.0 


342 
18.5 


visible 
standard 


72° 
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2-stage 
wet heater 
750°C 


34 
483 


150 


16 


11 


3.0 


fresh water 


8 


4 


380 
15.0 


342 
18.5 


visible 


standard 
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Depth setting meters 2 = 20 
feet 6.5 - 65 


Gyro type 
Gyro angling 


: The runs were carried out at YOKOSUKA, and in the initial Stages no depth 
| gear or @yroscope was fitted. The running was, however, very erratic, 
HI . ’ ‘ . 

| A simple design of &yroscope and depth gear were, therefore, fitted in 
| the forward buoyancy Chamber, and the behaviour of the torpedo because 


fairly Satisfactory. 


Service _ = Experimental | 

To be used aboard Small MTB 
‘First design — 9AL 
Development finished 1945 


" Manufacture : 
er seneee 
' Location -. _ SASEBO, NaGasakr 


' Number made . _ 2 


General Particulars 
tas _farticulars 


Total weight 
Displacement 
Negative buoyancy 
Center of gravity 


(from after end) 


' Center of buoyancy 
(from after end) 
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Trim (nose down) 
Length 
Head & _ im 
in 
Air vessels mm 
mai ‘ in 
; balance chamber im 
in 
Engine: room mm 


Buoyancy chamber and - mm 
tail ia. 


Total. mm 
“in 

Pass ing Cona itions 
Speed knots 


Range o meters 


-yards 


Wt 


tt 


Depth neters 
: ' Leet 


Direction wander et meters 20 
extreme range LorR yards 22 


Head | ‘ 
Type of pistol: Experimental Type 5 


Total weight 75 
165 


Weight or explos ive’ 60 


. Type of explosive 3 ‘97 
Yessels_ . 
Air oS ag 


. Volume liters 
a - Ft 


Pressure kg/om2 
"  Lbs/in? 


- Weight or Charge ke 6 
; -Lb 


Composit ion of gas 
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if 


S 


Output 


. Thickness of wall 


Fresh’ water 


Volume 


Fuel 


Composition 


‘Volume 


Displaced by 
Lube oil 


Volume 


- Power Unit — 


Reducer type 
Generator type 


Gas outlet temperature 
(estimated) 


Number of igniters 
pe of filling 


4 


> Engine Type | 


Number of cylinders 


Bore 
Stroke 


_ Expansion ratio 


- Reducer pressure ke/em2 
. lbs/in2 


Horsepower 
RPM : 
Air consumption 1bs/BHP/hr 


Air/fuel ratio 


Water/fuel ratio (volume) 


2 
0,066 


kerosene 


0.8 
0.0262 


air 


single stage, diaphragm type 


wet heater 
650°C 


2 


nitroglycerine 58% 
mineral jelly 5% 

gun cotton 37% 
reciprocating, swash plate 
5 


60 
2.36 


Th 
“2292 


207 


15 
213 


10 
1000 
27 
10 
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> Type of diluent — fresh water 


Afterbody and Propellers 


Number of fins 4 
Number of blades 4 
Wake visible 


- Contro1 


Depth gear type pendulum 


Depth setting . meters 1-5 
: : feet 3.28 - 16.4 


Gyro type Experimental Type 5 
_ Gyro angling none — 
ELECTRIC TORPEDOES 
ee LE EDOES 


21" Type 92 | 
Historical 


wh initiative, started to design this 
introduction into the German Navy of an electric 
design was completed in 1925 and a torpedo, the Performance 
ted to-be 30 knots to 3000 meters, was Produced the same 
year. Development work was continued, and tn 4934 Type 92 was Produced. 
Manufacture was then stopped and the design wag put to one Side, ready 
- for production in Quantity when war broke out, 


Head 


Both the imilar to those or Type 95 except 
for the The method ig 
d in Types 6 and 8 and in RN torpedoes, Flanges are 
the shells of the head and battery chamber the’ junction of 
the. two being effected by 23 body screws linm (0.4337 in diameter, Thus 
both types: of heads are the only ones which can be fitted to this type of 
torpedo, — , 


Battery Chamber 


«The chamber 


So 


is welded steel.sheet 3mm thick stiffened by circular angle 
rings spaced along the length. In the forward end is a relief valve and. 
for measuring the specific gravity of the acid and for venti- 
The two. groups of celis are secured from the Outside of the shell 
by four screws Per group. No side lugs are fitted; only the T~headed 
guide similar to that of Type 95 1s installed, a 


The depth € dial is similar to Type 95 and is fitted at the 
top of the rear end of the battery chamber near a second aperture for 
ventilation, . 
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Through the rear end plate are three connections. 


l. Depth gear. As this torpedo was used in two different types of 
tubes, there are two external setting dials, one} already 
mentioned, in the battery chamber and the other in the 
afterbody. 

26 Air duct. This duct is for the passage of forced ventilation 
of the battery chamber when the torpedo is in the tube. 
Air is supplied from the tail. 

36 Power leads. These are carried through the lower part of the 
rear plate. 


Propulsion 


The torpedo is.operated by a 95 hp electric motor drawing its power from 
two 514-cell lead-acid batteries which are pre-heated in order to obtain 
maximum electrical output. The circuit is as shown in Figure 13. 


Battery 


The battery consists of two groups of 54 cells of lead-acid type, each 
mounted in an aluminum alloy frame which can be run into the battery 
compartment on channel section bars. Connection between batteries is by 
means of single plugs and sockets held together by means of couplings of 
insulating material. 


Details of cells: 


Height in 9t 


Length Ld 
Width 3 
Capacity 150 ampere-hours. 


Plates 11-VE, 10+VE 
Basted grid construction 


Cases . Hard rubber (vulcanized) 


Two types of cell are used. They have terminals specially designed to 
facilitate inter-cell connection. 


A lighter battery was kept for trial purposes so that the blowing head 
would have sufficient buoyancy to float the torpedo at the end of the run. 
When no special battery was available for trials the running batteries 
were used with four cells removed from the end of one rack. Ail batteries 
used on trials were fitted with unspillable vents. 


The battery racks were fitted with six metal-enclosed heaters along the 
underside so that the battery could be warmed up from an external electric 
supply before the torpedo was fired. The heating supply was connected by 
means of a socket in the tail section of the torpedo. Each heater was 
rated at 250 watts, and the external supply voltage was 220 volis. 


Charging 


A polarized socket was provided in the tail section for charging the bat~ 
tery, and an air line was connected to an opening on the right hand side 
of the after body to ventilate the battery. The air, after entering the 
battery compartment, was discharged through & non-return valve at the 
forward end of the battery compartment. When a torpedo was assembled 
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Blow ouT -_ STARTING 
CONTACTS 


LS ! ¢ URE 
208 VoLT T ; AMAT a 
BATTERY START a 
sd RE Saran “INTER POLE 
SHUNT FUELD | 


DP. ISOLATING 


BATTERY HEATERS > 


FIGURE 15 ; 
ELECTRICAL POWER CIRCUIT. TYPE 92 


HEATER SOCKET 


with battery ready for use but not actually about to be fired, the access 
hole at the forward end of the battery compartment and the vent hole just 
behind the power switch were left open to keep the compart.ient fresh. 

The large access hole was also used to check the specific gravity of the 
cells in its vicinity. = 


Maintenance 


For the purpose of battery maintenance the racks were placed in shallow 
concrete troughs and connected to charge-discharge switchboards. The 
meters on these boards were center-zero, 30-0-30 ampere instruments, and 
the discharge resistances were water cells constructed of stone with iron 
plates for electrodes. 


Main Switch 


A double-pole main switch is mounted:in the battery compartment above the 
after battery and operated by a key vera? before the torpedo is 
loaded into the tube. 


Motor 


The motor is a six-pole, compound interpole machine connected in long 
shunt operating at 200 volts, 450 amps. The armature is built on an 
extension of the main shaft and has bearing at the commutator end. The 
rated horsepower is 95 at 1250 RPM, and it is arranged for resistance 
starting under full shunt field. 


Starting Resistance 
The motor starting resistance is constructed of iron strip material 
clamped in a frame tnsulated with asbestos. Copper connections between 


i) 
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iy 


the resistance and the starting switch are brazed to iron tags on the 
resistance. 


Operation: Z 
When the starting lever is operated, the motor switch closes and the 

_ motor starts with all the resistance in series with the armature circuit. 
An extension shaft on the commutator end of the motor drives a cam shaft 


which cuts out the resistance after a predetermined number of motor 
revolutions as follows: ae 


Resistance Stage Motor Revs. From Starting 
5 (all in) 0 
4 75 
3 105 
4 2 ; 123 




















1 (all out) 130.5 


The. cam shaft would complete one revolution after 850 revolutions of the 
motor and is marked 0.600, but at about 300 revolutions a pawl lifts and 
the cam shaft is disengaged, leaving the motor connected directly to the 
battery through the motor switch. 7 


An extension of the cam shaft is brought through the shell of the torpedo 
so that it can be turned by hand, and also that its position can be 
checked before a run. 


Cut-Out Switch 


i The motor switch is fitted with a magnetic blow-out coil, and another cam 
driven. by the extension on the motor shaft, and can be arranged to trip 
this switch at any number of revolutions from about 1000 to 14,000. This 

: valve can be set externally by means of a key next to the starting cam ex- 
tension. The purpose of the arrangement is to disconnect the battery from 

a . the motor during trials, thus avoiding completes discharge of the battery. 

When used operationally the maximum setting is put on the dial. 


Afterbody 


The afterbody is of welded steel and contains the second depth setting 
dial and the range setting wheel. 





The tube starting lever is fitted in the normal position; when this goes © 
~ aft, air’ is turned on to the servomotor and gyroscope and the main switch 

? is closed, the propellers rotating slowly. The discharge is effected by 
air pressure in the tube. 


The tail fins are of R.G.F. pattern i.e., forward of the propellers and 
are attached to the shell by screws. 


Tail 


The tail is a rorged steel cone having guide channels integral with the 

forging into which the fins are fitted and then rivetted; on the ends of 

the fins are guide strips, those on the horizontal fins have lignum-vitae 
& insets to reduce the friction on discharge. 





" te 
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Between tne fins on the starboard side is the charging connection for the 
steering air bottle. On the port side is the steering air stop valve and 
connections for charging the batteries when the torpedo is in the tube. 


The rudder rod adjustment apertures are on both sides of the top vertical 
' fin. 


On the port side in the rear at the bottome is the depth gear and servo- 
motor. These are of standard design but smaller in size and are located 
together in one pocket. Aft of this is the gyroscope, Type 98, with the 
setting gear at the top. 


The steering air bottle also is in the rear buoyancy chamber. 


At the bottom on the starboard side is the connection for heating the 
batteries. 


The rudder control gear is of the standard type. 


Te main drive from motor to propeliers is transmitted through a mitre 
gear system which functions as a reversing and a reducing gear. 


The bevel gear wheel from the motor shaft is. geared to the two larger side 
wheels of the mitre gear. The reduction ratio here is 24/38. On the in- 
side of the two side wheels of the mitre gear are two bevelled wheels 
which are locked to the larger side wheels of the gear system, and are 
equal in size to the bevel gear on the motor shaft. These two inner 
wheels are directly geared to the sleeve shaft and to the propeller shaft, 
without further. change in gear ratio. The overall reduction ratio of the 
mitre gear: system is 24/38. Thus, for the full motor speed of 1250 RPM, 
the propellers rotate at a speed of about 800 RPM. By this means the 

load on the motor is reduced, 


The propellers are of the standard type; four blades are keyed to the 
shafts and held in place by nuts locked by great screws. 


General. 


The main defect was a leak between the battery chamber and the after body. 


A number of details in this report differ from the information given in 
U.S. Navy Mobile Explosive Investigating Unit Number 4, Intelligence Re- 
ort Number 79 dated 25 June 1945, but all changes have been verified by 
d tefsogation of Commander HORI and by examination of complete specimens 
of the Type 92 torpedo. 
21" Type 92 ~ Data 
Service Production 
Used aboard Submarines 
Dates 
First design , . 1932 
Production : 194.2 
“Manufacture 
Location * YOKOSUKA, KURE & MAIZURU 


Number made : 650 
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General Particulars 
Total weight 


Displacement 
Negative buoyancy 


Center of gravity 
(from after end) 
Center of bouvancy 
(from after end) 
Trim (down nose). 
Length 


‘Head 

Battery chamber 

Balance chamber & engine 
room & buoyancy chamber 


Tail 


Total 


Passing Conditions 
~ Speed knots 


Range meters 
: yards 


Depth neters 
2 feet 


Direction wander at meters 
extreme range, Lor R yards 


Head 
Type of pistol 
‘Total weight 


Weight of explosive 


Type of explosive 





Vessels 
Air 


Volume of steering air liters 
¥essel ft 


ke/em2 


Pressure of steering 
1b/in2 


air vessel 
Tube oil 


Volume liters 
‘(in tail) ft3 


Power Unit 
Engine type 


Volts 
Amperes 


Number of batteries 
Output 
Horsepower 
RPM 
Afterbody and Propellers 
| Number of fins 
Number of biades 
Wake 
Control i 
5 i 
Depth gear type 


meters 
feet 


1 


« Depth setting 


Gyro type 
Gyro argiing 


ACENTRIC HEIGHTS OF JAPANESE TORPEDOES 


CONFIDENTIAL 


12 
420 


205 
2920 


3 
0.984 


Electric motor 


200 
350 


108 


95 


Standard 


2-12 
6.5 =. 39 ok 


92 
+180° 


The "pull round" forces for a number of Japanese torpedoes were available 
and-are shown below with the calculated metacentric heights:- 
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TYPE DIAMETER WEIGHT  PULL'ROUND FORCE METACENTRIC HEIGHT 
cm kg keg mm in 
ese pete ee 
89 53 1668 fd 45 702 0428 
90 61 2605 Al 4.8 0.19 
93 


Modif. 2 61, 2765 64 Tel 0.28 


- 95 
Modif. 1 53 1650 46 Tok 0.29 
. 97 45 980 25 DoT 0.23 


These figures for M.C.H. are low on British standards, which aim at about 
0.4 inches, but the Japanese claim freedom from serious rolling. 
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DEVELOPMENT OF THE USE OF OXYGEN FOR TORPEDOES 


Japanese experimental 

but, owing i e 

the work was discontinued Shortly afterwards, 

the development of Type 6 and Type 8 (1917 ana 
i Whitehead torpedo with & maximum speed 

3,000 meters was adopted for use by the Japanes 


HISTORICAL, 


In 1927 OYAGI, later promoted to the rank of Admiral, was in England Studying 
torpedo: design at the Whitehead Works, Weymouth (not Messrs. Vickers Arm=~ 
strongs) when he heard that HMS NELSON ana HMS RODNEY were equipped with 243" 
Oxygen torpedoes. OYACTI Stated that he had never been able to ascertain the 
truth of the rumor even to the present day. in oxygen tor- 
bedoes was stimulated ; 

ing of research o 

using about 50% 

made to produce 

contended with were as follows: 


1, Prevention of explosion at instant of ignition, 
26 Control of temperature in generator, 

3. Use of sea water as diluent. 

4e Increase in the stru 


be 


Prevention of Explosion at Instant of Ignition 


This difficult 
ch 


The Type 93, Model 1, Modifications 1 and 2; Type 95, Modification 1 ana 
Type 97 were. all fitted with "first air vessels”, OYAGI stated that in 
about 10 years experience there had been no accidents resulting from the 
use of pure oxygen, The design, however, was not without defects, 


Research on the improvement of the types using pure oxygen followed two 
lines. In the case of the Type 93 the "first air vessei" was removed and 
a vessel (first liquid bottle containing 150ce of carbon tetrachloride 
(CCl, ) was placed in the oxygen line so that, initially, a mixture of 

and oxygen was fed into the generator, Carbon tetrachloride is a 
negative oxidation Catalyst rdation a 
fore prevents an explosive 

This system was suce There 

were no accidents with the Ty ‘ - A disadvantage in 
the use of CCl is the fact that it causes Pitting and corrosion of the 
"group" and re ucer, 


In the case of the Type 95, Model 2 torpedo the "first air vessel" was 
removed and some of the air Charge in the Steering air vessel was used 
for starting. i S a mechanism which 
5 itting oxygen from the 
ng air vessel until 
§ running on pure oxygen, 
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' 


Control of Temperature in Generator 


This-was accomplished by using sea water injection as diluent to control 
the temperature of the generator. 


The design of a generator to give complete combustion of the oxygen, rapid 
and complete evaporation of the diluent with minimum heat loss was the 
most difficult problem in the development of the torpedo. <A year 'was de- 
voted to it, and many designs of breech ends, fuel sprayers, and per- 
forated plates were tested before the final design was completed. 


Use of Sea Water as: Diluent 


To save weight and space, sea water was chosen in preference to fresh 
water. It was pumped by a reciprocating pump, driven from the engine, to 
a pressure regulator and was used as well to displace the fuel. The 
quantity was governed in the normal way by a rated nozzle in the genera- 
tor.. This system has been adhered to for all types of oxygen torpedoes. 


the use of brine raised special problems due to the deposition of salt in 
the engine inlet valves and in the cylinders. 


Slide valves: were used at the cylinder inlets and these were subject to 
severe wear, They had to be replaced about every three runs. The valves 
were made of siliconchrome steel and are water-cooled. 


sructural strength of Engine 


‘No structural alterations were necessary in the cylinders due to the use 
of sea water, but due to the deposition of salt (melting point of salt 
792°C) it was found that the clearance at top dead center was reduced to 
zero. This resulted in hammering of the copper cylinder head by the 
*piston, causing deformation of the head. ‘The clearance was, therefore, 
increased and the loss in efficiency accepted. 


Control 


The friction and resultant sluggish operation of the link mechanism be-~ 

. tween the- gyroscope wheel and the slide valve was ‘eliminated by using a 
diaphragm balanced on each side by equal air pressure. Rotation of the 
gyroscope spindle reduced the pressure on the appropriate side of the 
diaphragm, unbalancing the pressure and Gausint ‘sa -lateral movement of the 
spindle carrying the disc. This movement operated the slide valve. In 
addition, the gyroscope was mounted on rubber. 


Development, Work 


This was carried out in three stages: 


1. Bench experiments with a combustion chember and a blower for 
introducing fuel, oxygen and water. 

2. Dynamometer tests. 

3. Ranging. 


Fuels 

Kerosene is always used. Alcohol was investigated, following French 
practice at Schnieder works of using 100% alcohol as fuel and diluent, 
but was never adopted. ; 


"FIRST AIR VESSEL" CIRCUIT 


This method is used in the Type 93, Model 1, Modifications 1 and 2; Type 95 
. 85 
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Modification 1 and Type 97. _ (See Figures 14 and 15.) A vessel of volume up 
to 13 liters, containing air at a pressure slightly above the pressure in the 
oxygen vessel (10 kg/cm“ greater) is added to the oxygen circuit. The circuit 
is shown diagrammatically in Figure 14. Working from the nose to the tail 
there is first -an oxygen charging stop valve and charging connection at the 
forward end of the vessel for charging the oxygen vessel with 100% oxygen. 
From the after end of the oxygen vessel there is a lead through the delivery 
stop valve and non-return valve to the "first air vessel", From the "first 
air vessel" the connection goes to the air stop valve and charging connection 
and from there to the group. The group is connected to the main reducer which 
in turn is connected to the generator. 


'. When the circuit functioned correctly, no oxygen was discharged from its ves- 
sel until the pressure in the "first air vessel" had fallen below that in the 
oxygen vessel, The torpedo, therefore, started on natural air and the oxygen 
concentration was gradually raised to 100%. 


Type 93, Model 1 Modifications 1 and 2, 
Sequence of operation is: . 


1. Open "first air vessel" stop valve by hand when torpedo is in 
the tube. 

Open oxygen delivery stop valve, also by hand, when torpedo is 
in tube. Special geared spanners to give slow opening are 

~ used, and the valves are opened just before Piring. 

Tube operated starting lever is pulled aft to operate safety 
mechanism on group. Air is supplied to gyroscope, servo- 
motor and steering engine by opening a second valve in the 
circuit. 

Torpedo is then fired and flap goes aft and opens small valve 
on group.. 


Type 95 Modification 1. 
The sequence is the same as that of Type 93. 


Defects 


This design was not without its defects, and a great deal of trouble re- 
sulted from leakage occurring in the "first air vessel", Since the 
volume of this vessel is small, the pressure soon fell below that of the 
oxygen vessel, and as soon as the oxygen delivery stop valve was opened, 

. oxygen passed into the "first air vessel" and enriched its charge, These 
leakages usually appeared at the joint of the pipe leading to the oxygen 
vessel. The joint was of standard design using copper, and wes subject to 
hardening and shrinking. 73 


In the Type 93, Model 1 torpedo this defect did not have any serious con- 
sequences since it was possible to check the pressure in the vessel 
whilst the torpedo was in the: tube snd "top up" if necessary. In sube 
marines using the Type.95 torpedo this was difficult to do and in the 
midget submarines using Type 97 (18"), where the torpedo was muzzle 
loaded into the tube, it was impossible. Since a leak resulted in an 
explosion at the start of the run, not only was the target missed but the 
effect on the shir, was serious, and an alternative method of starting had 
to be found. ” 


STEERING AIR VESSEL CIRCUIT 


This circuit, as used in the Type 95 Model 2 torpedo, is shown diagrammatically 
in Figure 16, ‘The oxygen vessel has an oxygen charging stop vaive. and charg- 
ing stop valve and charging connection at the forward end of the vessel for 
charging. with 100% oxygen. Oxygen from the vessel passes through the mechani- 

- cally operated oxygen delivery stop valve through the group to the reducer and 
thence to the generator. 
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group, 
ird lead go 
&yroscope, 


ihe Sequence or Operations 


1. air is admitted to .servomotor, 
7 eyr Pilot geroup. 
2. ‘or ired and water flap goes aft admitting air to re. 
sy ducer and &enerator, 
3e © revol 


t on &roup: in the normal way; the valve closes when 
the Pange is run off, 


the Operating valve, 
ce to turn 


It was Stated that great difficulty had been 6 
Satisfactory functioning of this gear, since t 


breakages, To obtain Satisfactory operation in service the teeth haa to 
be Strengthened ‘and better Material used, - 


CARBON TETRACHLORIDE GIRcure 


_ The use of carbon tetrachloride was first proposeq by 
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KAWASE, Torpedo Department, KURE, in 1943. The basis of the proposal lies in 
the oxidation retardation property of carbon tetrachloride. Tt was hoped that 
the oxidation of kerosene in the presence of high pressure oxygen would be ine 
hibited by carbon tetrachloride to such a degree that an explosion at the in- 
Stant of ignition would not result. This anticipated result was confirmed by 
experiment, 


Experiments 


Experiments were carried out with a 1 93 generator head clamped in a 
horizontal position (flame horizontal » Without the generator body. The 
oxygen: and kerosene were fed to the generator nozzle. in the usual way and 
ignited with a small flame. ‘The ratio of oxygen to fuel was the same as 
that used in the Type 93 torpedo. No water was used. Two distinct meth- 
ods were tried for the introduction of carbon tetrachloride into the 

_ In one case, the tetrachloride was mixed with the fuel in the 
fuel bottie; ih the other case, it was fed into the oxygen stream before 
the latter entered the generator head. 


A series of experiments was conducted with varying percentages (5 to 95%) 
of carbon tetrachloride in the fuel. The results below show the percen- 
tage of CCl, used in the fuel and the estimated percentage of CCl, on the 
basis of oxygen, assuming an oxygen fuel-CCl, mixture ratio of 2.8/1. 


CCl, in fuel (4%) Col, in oxygen (2) Remarks ‘: 


0=20 0-8 Combustion good; short, intense, 
bluish flame. 


" 10-80 25~29 Combustion poor; long, weak, red- 
dish flame. 


80 and above 29 Combustion completely inhibited; 
no flame. 


(More detailed data was not obtainable from the Japanese.) 


fo use this method in 

liquid bottle)of 50cc cap 

vessel. (See Figure 19). 

Sure forces the fuel into t 

mixing with the remaining C L % is first 
introduced into the generator and this percent nerease of 
fuel percentage ,until finally the CCl, is exhausted and fuel alone is 
introduced. 


Practical Difficulties 


The expansion and contraction of the fuel, due to atmospheric changes of 
temperature, seriously affect the efficacy of this method, Expansion 
and contraction of the fuel result in considerable mixing of the latter 
with the carbon tetrachloride before firing. In this way, a mixture of 
fuel with only a low concentration of tetrachloride may be present in the 
' generator at the instant of ignition; the dangers of explosion will there- 
fore not be removed. Futher, excessive expansion may push out CCl from 
the first liquid bettle into the generator, where it will be lost bo ex= 
haust in the first few revolutions of the engine, before the igniters are 
fired. 


To overcome this disadvantage, a two-way valve was designed (see Figure 
20) so that when the fuel expanded, it passed into a spacial overflow 
reservoir and not into the carbon tetrachloride bottle. Then, when the 
torpedo was fired, the full pressure ov the fuel automatically closed the 
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FIGURE 19 
DETAILS OF CCl 4 SOTTLE IN FURL CIRCUIT 
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by-pass to the overflow Sl bases and the fuel flowed into the first- 
Liquid bottle. »The overflow reservoir had a capacity of six liters, 
which seems to be unnecessarily large. 
This method of starting was never used in practice, because experiments 
with C01, in the oxygen feed pipe (which were undertaken in parallel with 
the above experiments) were more quickly brought to a successful conclu- 
sion. i : 
{r 
i 
The use of. a first liquid/bottle in the fuel pipe, nevertneiess, is fa- 
vored by many Japanese. The great advantage of the method is the intro- 
duction of the tetrachloride in to the generator without passing through 
the group valve and reducer. In these two important units tetrachloride 
causes corrosion, as occurs in the Type 93, Model 3 where the first 
liquid bottle is included | in the oxygen supply line. If the first liquid 
bottle in ‘fuel circuit is | adopted, corrosion troubles may arise in the 
two-way valve, but corrosion in this unit is less serious than in the 
"eroup"™ and reducer. 

: | 

W 


Function in Torpedo | ; 
The first liquid bottle ig described"in detail later. Shortly before 
firing, the first liquid bottle is filled with CCl,. About 300cc are 
used, and when the bottle/is filled (150cc) the remaining liquid fills up 
the pipe between the first; liquid bottle and the gorup valve. When the 
torpedo is fired, the oxygen pressure pushes out the CCl, in the pipe in- 
to the generator, and theidrop of pressure across the bottle introduces 
the liquid in the bottle into the oxygen stream. Therefore, the mixture 
in the generator contains|a high percentage of CCl, at the start, ana 
this falls off until finally pure oxygen flows into the generator. No 
precise information is available on the time taken to exhaust the first 


liquid bottle, but it is estimated that that time is abnut four seconds. 
: a 
Ignition | 
| 


Each of the igniters burns for 40 seconds at atmospheric pressure and 
probably for about seven seconds at the pressure of the generator. Thus 
the two igniters together! (fired at five revolutions apart) will burn at 
least eight seconds. Therefore, when the concentration of CCl, in the 
generator is high, the igniters are fired and they continue to ‘burn until 
the concentration of CCl)|has fallen to zero. At the start, the rate of 
oxidation of the fuel will be very slow; then with the fall of the con- 
centration of CCl, it will. increase in a controlled manner until finally 
normal combustion is patapesshens 


The use of tetrachloride has the secondary advantage of cleaning the feed 
pipe, "group" and reducer, of contamination (which may have been introduced 
after cleaning) before ai oxygen begins to flow. 

| 
Hl 


Disadvantages 


Corrogion is the main trouble arising from the use of tetrachloride. 
This may seriously prejudice the proper functioning of the group vaive 
: and the main reducer. Carbon tetrachloride decomposes slowly in the 
presence of moisture and forms hydrochloric acid. The decomposition is 
accelerated by sunlight. | As a result, CCl, always contains traces of 
hydrochloric acid, and this is the corrosive agent which is harmful in 
torpedoes when CCl, is used. 


Inhibitors . | 


) 


i a 
Attempts have been made by the Japanese to inhibit the carbon tetrechlo~ 
ride so that the development of acidity might be prevented. The following 





| 


| 


i 
| 


| 
| 
| | 
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i 
: 4 
‘inhibitors have been tested: pyridine, miscellaneous amines, traces of 
caustic potash and traces of caustic soda. Definite evidence confirming 
the value of any of these materials as inhibitors was not obtained. The 
‘tetrachloride ig used therefore in its uninhibited state, but great care 
‘is taken to insure the purity of its condition. 


i 4 

Only chemically jpure tetrachloride should be used; it should be stored ig 
‘dark bottles and kept in a cool Place. Although not so convenient in 
‘handling, petro] tins have been successfully used as tetrachloride con- 
‘tainers during war. 


{ ‘| 
Chlorine Content 
| 
_Not more than a itrace of chlorine ions is acceptable, when tested with 
Silver nitrate. 
i 


Acidity | 
Acidit a I | 
The tetrachloride should be neutral to phenolpthalein,. 


Moisture I 
No special precautions are taken to exclude mcisture, although it 


probable that the latter plays a part in the decomposition. 


Irichlorethylene (C3HC13) 


Trichlorethylene was tried in the first liquid bottle as an alternative 
to GCl,. This material is more stable under ordinary conditions. (and can 
more effectively be inhibited) than CCl, and therefore is less likely to 
corrode metals. When used in the exper‘ments, however, it was found that 
C2HC13, which is non~inflammable under normal circumstances, caused 
serious explosions. This explosive property of trichorethylene was fur-~ 
ther confirmed in later experiments in connection with KAITEN 2. 


General 
Carbon. tetrachloride is used for Starting in Type 93, Model 3 (1944) and 
Type 93, Model 1, Modification 3 (1945) torpedoes, 


As an added precaution, about 30cc CGl, is poured into the oxygen delivery’ 
non-return valve of the Type 95, Model’‘2 bofore firing. : 


The use of carbon tetrachloride in Japanese torpedoes is an interesting 
application of chemical retardation. Tt suggests a fruitful field ‘ofr 
research into the many other compounds which act aS oxidation inhibitors 
in various circumstances; some of these may well be superior to CCl, in 
the special conditions pertaining to torpedo propulsion, 


Torpedo Design 


As in the other two circuits, the charging of the vessel is carrisd out 
at the “forward end through stop and charging valves (Figure 21). From 
the vessel the g88 passes to the carbon tetrachloride unit. In this unit 
is incorporated the oxygen delivery stop valve, the CCl, bottle and a 
non-return valve, (see Figures 22-25). The body is a high pressure caste 
ing of "SILZIN" silicon bronze (50 kg/em2, 71,000 1bs/in tensile). Into 
the base of the casting a stainless steel (18/8) bottle is Screwed and 
Sweated. The outlet pipe, having two baffle plates sweated to it, is 
also screwed to the body and passes down to center of the bottle almost 
to the bottom. ‘ 
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FIGURE 22 
CARON TETRACHLORIDE UNIT, TYPE 93 MODEL 3,SHCTIONAL ELEVATTON 
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The choke is screwed into the body and is serrated on the external sur- 
‘face to break up the Cel, strean. . i 


The stop -valve is of the normal three-winged type with a 60° cone seat. 
To reduce the leakage of oxygen a special type of valve cap has been 
designed and is used. throughout the torpedo. Below the normal screw-down 
cap is a ccnical seated. valve held on its face by the pressures of the SBDe 


The oxygen: passes through the stop valve, into the center of the unit, 
where it is bifureated at the choke, the main supply passing through the 
center and the remainder passing into the top of the CCl, bottle, dis~ 
‘Placing the liquid by the pressure difference set up by the choke. ‘the 
delivery rate is controlled by the pressure difference, the area of the 
choke having been determined by trial and error. 


Finally, the oxygen and CCl), pass out of! the unit through the non-return 
valve, 


Since the bottte 4s-not filled until just before the run, no attempt is 
made to retain the liquid. The actual filling takes place after that of 


the fuel bottle. 

From the tetrachloride unit the oxygen passes through the group valve to 
the reducer and the generator. The group valve is opened by the water 
flap in this case. : 


Sequence of operations: 


1. Open oxygen delivery stop valve by hand when the torpedo is in 


the tube. 
2e Tube-operated Starting lever is pulled aft, to operate group 
: Safety device, 4 cam on the same shaft opens the steering 
air starting valve. *- : 
“.3e Torpedo is now fired and water flap goes aft and opens pilot 
valve in group. 


Summary 


The use of the various circuits is as undernoted: 


"First air vessel" 7 
Type 93, Model 1, Modifications 1 and 2 
Type 9b, - / 
Type 95, Modification 1 ee 
Type 97 ae 
‘Steering air ae 
Type 95, Model 2° - 
Carbon tetrachloride 


Type 93, Model 1, Modification 3 
Type 93, Model 3 — 


UNITS : 


The components in the circuit such as the group, reducer, etc., are of stan- 
dard design, modified to suit particular torpedoes, and are used, unless 


otherwise stated, in all types of torpedoes. 


Group Vaive : 
The design is similar to thet used by the Whitehead Torpedo Company be- 
fore the war, (See Figures 26 to 28.) It, is the same as that in the 
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FIGURE ‘26 
GROUP VALVE TYPE 93 (PLAN) 
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: FIGURE 26 
7IGW OF GROUP VALvE, TYPE 93 


for all torpedoes Since 1933, Improved mat-~ 
r the plunger has been introduced ia later 

: Since pure oxygen Passes through the valve no 014 Can be used 

' for lubrication and the valve, being left dry, sticks Occasionally, 


The range wheel has three Settings: (1) 15,000 meters, (2) 25,000 meters, 
(3) 30,000 meters (for the Type 93, Model 3). 


The body is & phosphor-bronze casting 
being inside the larger, 

Smaller being the harder, 

chromium plated but in some 


it passes up through the 


Passage 4 i: ; SSure. above 
falls ana: Valve opens 


The group is fitted with & tube-operated Salety device, The Operating 
lever S. pivoted on 2 cam, the rotatioa of which adjusts the clearance 
ene. push rod and the valve, 
Clearance igs large, so that 
dentally, the torpedo will not run. 
“1s in the tube) the cam is rotated go 
minimum. 


» the plate pr 
S Into a recess in the Plate, 
& @ Spring to Operate a lever which closes first the small 
and then the larger valve by the difference of pressure set up. 
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The main pipe’ diameters are 18mm. (0.709") ang 25mm (0.985"), 


Reducing Valve - 


A standard design has “been adopted for all oxygen torpedoes. It is the 
Same. as that fitted to the pe 90 torpedo with the addition of a water 
bettle. (See Figures 29-32. 


The casting is of phosphor~bronze (60/40); this material is used for ail 
details subjected to high pressury, i.e. "group", Teducer, upper Part of 
generator and engine cylinder block. 


Oxygen from she group valve passes through the first reducer, through the 
second reducer and on ¢ Each reducer Plunger unit has an 
oil bettie and a water in it. The bottle 


the plunger, 

housing and 3mm. elsewhe 
mineral oils; the proportio 
conditions. The actual del 


An extiemely tight lap is used. It is difficult to insert the plunger, 
which is of the same general design as in British torpedoes, into the 
’ Darrel. A long lap is also employed to reduce leakage. 


FIGURE 29 
REDUCING VALVE, TYPE 93 
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_ FIGURE Sv 
SECTION OF REDUCING VALVE. TYPE 93. 
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: FIGURE 31 
“SECTION. OF REDUCING VALVE. . TYPE 96 





FIGURE 82 
VIEW OF REDUCER DETAILS, TYPE 93 


:Cadmium-platéd steel’ springs are used. In the case Of the first reducer 
‘no adjustment of the Spring tension is possible. The speed Setting is 
‘controlled by means of a lever pivoted on the casing of the first 
reducer, 


To ensure a slow opening of the valve of the second reducer, it is fitted 
with a loose sleeve having a hole drilled throughout its length to equal- 
.4ze to pressure. 


The spring aS a mean diameter of 20m (0.788") ana 
has 16 coil si The design stress is stated to be 

35 kg/mm? (9,700 1bs/in2), 

The length of the Spring under compression is 118mm (4.65"). Its free 
length is such that the cap thread can be started and then Screwed up. A 
ball race is fitted beneath the cap to enable the cap to be Screwed down, 
The second reducer has two Springs of dimensions: 

. Outer Inner 


Free length 101mm ‘180mm 
3.98 in 7.08 in 


Mean diameter 39 .5mm 18.5mm 


Diameter of wire: . Te 3mm 6mm 
Number of coils 9 24 


mpression in the working condition is equal to the travel 
of the sleeve (20m; 0.788"), 
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' Water Pump 


The sea water is pumped to the buffer chamber by a double~acting, reci- 
procating pump (Figure 33) driven by the engine. Details are given in 
the discussion of the engine. 


Buffer Chamber 


This, with the generator is: the most important element of the oxygen 

. torpedo, See Figures 34 and 35.) Its function is to maintain a steady 
pressure to the generator and fuel battle by damping out the pump pres- 

sure fluctuation. A 


The unit consists of two parts: the water chamber, the capacity of which 
Should be as large as possible, and the regulating valve chamber, Water 
from the pump is discharged into the vessel near the top and is delivered 
to the generator and fuel chamber from near the botton. Oxygen at reduced 
pressure is supplied through a non-return valve to the top of the chamber 
and the regulating valve chamber. Fressure inside the vessel is there- 
fore maintained constant, the regulating valve opening and discharging 
water to the engine for cooling when the pressure exceeds the reduced 
Pressure, the non-return valve on the oxygen supply closing at the same 
time. | - fp 
i fy 
At tielatans of the run with the vessel full of water, water is Supplied 
to the ‘generator by the oxygen Pressure. The capacity of the vessel is 
designed so that the vessel will not empty before the pump begins to 
deliver water. A small nozzle is' fitted to the oxygen inlet Supply to 
prevent the gas flowing back into ‘the pump. The two parts form part of 
one bronze casting, the regulating valve being cylindrical in shape and 
spring loaded. It is lubricated by oil from the distributor, 


The distribution of the water is: 


Generator and Fuel Vessel (%) Engine Cooling (%) 


High speed 60 40 
Medium speed 40 60 
Low speed 30 : 70 


The capacity of the pump is stated to be 13 Liters per 100 engine revolu- 
tions. om 
The main water Supply passes from the buffer chamber to the generator 
when it acts as the diluent, part of it is piped to the fuel vessel when. 
it enters at the bottom, displacing the fuel. The surplus water is fed 
into the engine crank case for cooling purposes. 


Fuel Separator 


A separator (Figure 36) is fitted only to Type 93 torpedoes to prevent 
water from being delivered with the fuel. (See also Figure 37.) It con- 
sists of a closed ring pipe of circular cross-section with a capacity of 
seven liters (fuel chamber capacity: 95 liters). Water is pumped into 
the bottom of the chamber. Fuel is drawn off from the top and is fed by 
a@ pipe into the bottom of the Separator where it flows up the two sides 
-of the ring, past a baffle half way up, and is delivered to the generator 
from the top. At the bottom of the separator is a drain Pipe to the bot- 
tom of the fuel chamber, for draining at the end of the run. 
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VIEW FUEL SEPARATOR 
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it was stated that the separator prevented water from being carried over 
with fuel at the beginning and end of the run. At the start there was a 
tendency for the water to be thrown to the top of the chamber due to the 
initial dive. It enables less fuel to be carried since the layer of fuel 
remaining at the end of the run can be reduced, : 


In earlier models a simpler from of separator was used. 


From the separator the fuel passes through a non-return valve, fitted to 
the shell of the torpedo, and hence to the generator. 


Generator 


In the generator head there are three separate circuits delivering the 
three fluids into the combustion space. (See Figures 38-h1. 


Oxygen circuit - The main oxygen supply, after leaving the choke enters 
the generator head at one side near the igniters, passes through a baffle 
plate, then through the combustion head into the combustion Chamber. It 
was finally decided, as a result of experiments, to bifurcate the oxygen 
supply, 30% entering the top of the chamber and mixing with the fuel and 
70% passing into the side of the generator head. The bifurcation is 
effected by a conical-shaped restriction in the Pipe, 30% nassing 
through the center and 70% through the outer annulus. 


The. pilot supply of oxygen passes from the restriction down aad around 
the outside of the sprayer, then through holes angled towards the center, 
and. is discharged vertically downwards into the recess at the, end of the 
sprayer at right angles to the fuel delivery. 


Fuel_circuit - Fuel from the bettie passes through a rating device which 
consists of a lap fit rotary plug into which rated nozzles are screwed 
(one for each speed setting; three in the case of Type 93, Model 3). The 
rotation of the plug is effected by a lever and is interlocked with a 
Similar plug for the water supply so that the correct W/F ratio is 
obtained for each speed setting. 


From the rotary plug the fuel is piped to the fuel sprayer which is 
screwed into the center of the generator head. 


Since the rating device is in the rotary plug there will be no pressure 
head to spray the fuel. It will therefore only dribble in and depends 
upon the velocity of the oxygen to obtain the required turbulence, 


The nozzle is made up of three parts: bronze body, steel head, and steel 
fuel sprayer. The bronze body screws into the generator head. Below the 
thread is an annulus into which the oxygen is Supplied. Ten holes are 
drilled, angled as shown in Figure 38, to admit the oxygen around the 
outside of the central spindle which is bell-bottomed to form a swirier. 
Over the spindle the steel head is screwed down, the outside forming an 
‘annulus between it and the zenerator head through which flows the diluent 
water for cooling purposes. The bottom of the recess of the head is cup- 
shaped. 


The fuel sprayer is screwed down the center of the body, the joint being 
made by a copper washer. Above the sprayer is a strainer secured by a 
plug with a hole through the center for the Passage of the fuel. The 
fuel flows down the center of the sprayer and discharges at right angles 
to the oxygen stream through seven holes, Imm (0.0394") in diameter, 
drilled radially in the head os the sprayer. : 


The thickness of the copper washer is adjusted to get the correct posi- 
tion of the discharge holes in relation to the cup. 
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FIGURE 40(b) 
GENERATOR DETA 





FIGURE 41 
GENERATOR AND GROUP VALVE DETAILS TypR 99 


The position of the end of the nozzle and of the lip of the nozzle cup is 
extremely critical, and the distance should be between l.imm and 1.5mm 
0.043" sna 0.059"). If the nozzle projects toc far, the combustion head 
will: become overheated and melt; conversely, if the Projection is too 
smali, the flame will be too long and the outer casing and engine will be 
overheated. The number, position, and area of the holes in the combus= 
tion plates also are critical. 7 


where the Quantity 
S through the combus-- 
it cools, It then 
Ows to a recess in the combustion p ugh holes at ths outer 
perimeter and into the combustion chamber, iy 


Design details = The materials used for the generator unit are: 


Generator head Ao oot fete eet eosaweeseecee 60/40 Phosphor-bronze 
Outer casing - Heat resisting’ steel, 
Combustion head Cte cere cc ccccccrerccccces 18% chromium, 
Fuel sprayér 8% nickel 


quired; air, 
plate is . 

» the latter 

& is bolted 
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to the casting by studs. The two joints are made with copper washers. 
The unit as a whole is bolted to the engine by lugs integral with the 
casting. 


The outlet pipe from the generator. is welded to the outer casting. There 
is no generator-engine pipe, the flange of the outlet from the generator 
being bolted to the engine valve chest. 


Fuel strainers. are fitted (1) at the outlet from the bettle, (2) in the 
body of the non-return valve, and (3) at the top of the sprayer. 100- 
mesh gauge is used, 200-mesh having been found to be too fine. 


A connection to the underside of the combustion head enabled the pressure 
in the space behind the combustion plate. to be measured. The difference 
-in pressure between the_underside of the plate and the reduced pressure 
was found to be 5 ke/em? at the high speed setting and was used for rating 
the nozzles; ultimately the pressure was dropped to 1 kg/om2 (14.2 
lbs/in*). - - og 


Two'small igniters are fitted. The heat: output was not known. The 
Whitehead type hammer gear, having small hammers of small weight operated 
by light springs, is used. No details were obtained of the energy of the 
biow.. The firing spindle is fitted with teeth staggered so that the 
igniters are fired at five revolution intervals, arrangements are made to 
enable ignition delay to be set. 


Nozzle Rating = A special bench apparatus is used. The generator is 
mounted in a vertical position on the bench. <A water bottle is connected 
in turn to the water and fuel inlet unions in the generator head. 


Using a pressure of 1 kg/cm? (14.2 1bs/in2)} water is fed to the nozzle 
for a period of two minutes. During this time the nozzle setting for 
each speed is used, and the delivery is measured by volume. 


Torpedo Nozzle Delivery (Rate) W/F Volume Ratios 
Type 93, Model 3 
High speed Water 54 liters 9.4 
o : Fuel 5.7 liters 
Medium speed -- Water 30 liters 10.0 
Fuel 3 liters 
Low speed ; Water 21. liters 9.5 
: an . Fuel 2e2 liters 


‘GPype 95, Model 2 | 
* High and Low speeds Water . 35 20.1: 8.7 
; oe Fuel 4 20.05 


_ it appeared that. the rating apparatus was used in connection with the 
experimental torpedo. Bench rating figures were obtained; the torpedo 
was then run and the consumption measured. 


Adjustments were made on the bench and the torpedo was again run until 
the correct quantities»were obtained. From the results, the diameters of 
the nozzles:were measured. Produciion torpedoes initially were fitted 
with nozzles of these diameters and then ranged, adjustments being made 
as required from the range records. It was stated that, as a result of 

, experience, the spread was found 'to be: : 
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Diameter of Nozzle % of Torpedoes 


267 mm (.0106") - 80 
208 mm (0,0110") 14 
2.6 mm 0.0102") Q 


When questioned as to the accuracy of the measurement, Captain VATANABE 
stated that no appreciable leak occurred during the run and that one none 
return valve was sufficient to retain the fuel in the bottle, the quan- 
tity of fuel remaining béing measured by volume. 


An exact description of the method of measuring the fuel consumption is 
given in the section of this report on ranging of torpedoes. 


Flame. Test 


For this test only the fuel nozzle is required. The purpose of the test 
is to determine the optimum shape and dimensions of the flame, 


To measure.the position of the nozzle in the body, a piece of wire is 
pushed through the outlet holes and the distance from the lip of the cup 
is measured with a depth gauge, At the same time the thickness of the 
washer is measured. Subsequent adjustment of the position is mads by ad- 
justing the thickness of the washer, 


As previously mentioned, the distance between the holes in the fuel spray 
er and the lip of the cup of the nozzle is extremely critical. On the 
correct. adjustment of this distance, depends the successful renning of 
‘the torpedo. If the distance is altered, the angle of entry of the oxygen 
_ stream into the generator is changed, and this greatly affects the shape 
of the flame. If the flame is too long, the engine will be damaged; if 
the flame is too broad, the perforated plate in the generator head and 
the sides of the generator will be burnt. 


The fuel nozzle cannot be made with sufficient accuracy to keep the critia 
cal distance constant at the desired figure, about 1.3mm (0.051), The 
Japanese, therefore, devised a simple test to be applied to every combus- 
tion nozzle before being fitted in a torpedo, In this test, no attempt 

is made to reproduce the conditions occurring in the generator during a 
run, but after a large number of experiments, a certain shape of flame 
occurring in the test is known to be the one which is produced by a 
nozzle that will give maximum efficiency when fitted in a torpedo, 


Details of test - A specially constructed steel hut is used. The hut is 
roughly 6? tong, 6* wide and gt high, It is well ventilated by square 
apertures in the roof and walls. The flame can be observed through the 
apertures in the wall, The combustion nozzle is fitted in about the cente 
er of one of the end walls. A number. of 1" holes are drilled concentri- 
cally around the nozzle holder to increase cooling. 


Air and fuel su ~ No rating plug is used, and the fuel is fed to the 
fuel sprayer at. a constant pressure of 1 kg/cm? (14.2 lbs/in2), Compres= 
sed air is supplied to the oxygen supply inlet. The pressure of this air 
is gradually increased from zero up to the point where the flame is finale 
ly extinguished. 


Observations during test - The mixture of fuel and air is. ignited, and 
the pressure of the air is Slowly increased. The shape, dimensions and 
color of the flame -are observed throughout the test. Considerable exper= 
tence is required for the satisfactory interpretation of these observae 
tions. One measurement, however, which gives a good indication of the 
satisfactory adjustment of the nozzle, is the pressure of compressed sir 
required to extinguish the flame. The adjustment of the nozzle gives 
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optimum results if this 
limits of 
1.5 mm (0.0591 au). 


Distance between fuel 
holes and the lip of | 


‘Ehe nozzle cup ss 


in 
0.0118 


- 060354. 


mm 
0.3 
0.9 
0.039%, 
0.0433 
1.3 


1.5 
203 


0.0512 
0.0591 
0.0906 


0.118 
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100158 
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Oxygen and Fuel Vessels 


the critical distance. are gen 


De 


Pressure is 12-14 kg/om2 (170-200 1bs/in2), 
erally from 1.1 mm {0.043 in} 


Air pressure to exe 
tinguish flame, 


een renee, 


ke/em* = lbs/in? 
20 284 
50 710 
312 
28h 
198 


185 
170 


13 
12 | 
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185 


flame were made, 


CONFIDENTIAL 


The 
to 


Remarks on flame 
—_——— 


Flame very broad, 
of only about 6", 
Above air pccssure of 22, 
flame beca:ns very short, 
intense, noisy and blue 

at base, | 

Shorter anda broader flame 
than that considered 
satisfactory, 

At this figure, begins to 
approach the shape of the 
best flame, About 2' wide 
and 7! long. 
Satisfactory flame, 


Length 


About 


9" long and 21 wide. 


Satisfactory flame. As for - 
setting of 1,3, 

Fairly satisfactory flame, 
but slightly narrower and 
longer than for 1.3 and 1.5, 
A long flame tending to reo 
main alight at the end. 
Very long narrow Jet alight 
at end only. 

Extremely long jet alignt 
at end only. 


unless. otherwise Stated, just bea 
ed. 


prayer in the cup has a much 


ape than 


he latter case, the "cupped" sides 
in the shape of the flame, 

r the 
enents of the sprayer greatly affect the 


the s 


Design oft Oxygen Vessel 


Oxygen Vessel Body 


when the Sprayer is withdrawn in- 


of the steel 
In the: fore 
"lip" of the "cup", end- 
& combustion heaq could 

"cup" that small 
he shape of the flame. 
be necessary, 


pedoes consisted of a 


In the Type 93, 


the body and after end were 
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The leading particulars of the vessel of the Type 93, Model 3 torpedo 
which was designed in 1943. are: 


Diameter mm 6610 in 24 
Length mm 2688 in 105.9 
Weight . ke 700 lb 1540 
Volume liters 754- ft3 26.25 
Wall thickness mm 12 in 0.473 
Working pressure ke/em2 200 lb/in? 2844 
Weight of charge kg 200 1b 44.0 
ie steel/oxygen kg 3.5 

wt. 


The design is shown in Figure 37. The body has a shoulder at the forward 
end, for making the forward joint, with a shell thickness of 1émm (0.63"), 
tapering off to 12mm (0.4730) in a length of 70mm (2.76"), There is a 
strengthening band at the point where the T-headed lug is Screwed to the 
external surface. fn above-water tubes, the last three lengths of the 
guide strip, into which the lug fits, are detachable so that the release 
of the torpedo ean be controlled. The fuel container which ig of the 
same general forn, having an integral after end, is screwed to ‘the after 
end of the main vessel just before the start of the reduction in diameter; 
@ square-shaped thread undercut on one Side is used, 


At the center of the after end the oxygen lead is taken from a machined 
boss. / : 


On the forward end a bayonet type joint ting is screwed on for securing 
the warhead to the vessel. 


After End 


. In the Type 93, 95 and 02 torpedoes the boss in the after end has an in- 
ternal thread in the bore through the center of which the discharge piste 
is screwed from inside the vessel, ; 


In the Type 93 torpedo a hexagon is machined On the pipe so that the pipe 
can be tightened from outside the vessel (see Figure i>), A flats face is 
turned on both the Pipe collar and the Oxygen vessel boss, 
ing made by the lead fillet. An alternative design, not in 
Service, was. to make the pipe i ti 

y & hut outside the oxygen vessel, 
method was superior because it was possible 
ee in tightening the nut, 


. the oxygen ves 
Forward End 


The forward end of the vessel is turned with a plain joint face, (See 
Figure 43.) . The end, with two flats on the flange, is inserted into the 
body sideways through two diametrically Opposed slots cut in the shoulder 
of the vessel body. The actual joint is made by a plain copper washer, 
to the flange by a number of screws around the cir- 
the case of Model i and only two screws in the Model 3, 
glass is used in making the joint, the washer being coated with it. 
The general design is shown in Figure 37, 


The object of fitting the ena inside the vessel is to utilize the gas 
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FIGURE 44 
"FUEL VESSEI.. TYPE 93 





pressure in making the joint, the leaks decreasing with increase in prege. 
sure, For the Type 93 with a ags pressuve of 225 ke/cm2, the pressure on 
the joint face is 20,700 lbs/in* (9,25 tons/in?). At low pressure (30-40 
ke/om2; 430-570 lbs/in®) a joint of this type is liable to leak, but it is 
claimed that at high pressures no leakage occurs and that the pressure 
will be maintained for at least six months after charging. Experience in 
the ranging indicates that this is probably correct. A similar design of 
end is used by the U.S. Navy. It has the advantage of ease of manufacture 
and ease of remaking the joint. 


Safety Factor 


It was stated that a general safety factor of 1.5 was used for both the: 
body and the ends. 





From the formula used in British design: 


2b xB 
eee 





Where - 
| p = bursting pressure (1bs/in2) 
= thickness of the wall (inches) 
B = tensile strength (lbs/in2) 
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D = mean diameter of shell (inches) 
The safety factor for this vessel is 2.19. 


The vessel was designed originally for the Type 93, Model 1 torpedo in 
Which the pressure was 225 kge/em2 (3200 lbs/in2), Using this figure and 
the yield point in place of the ultimate the factor becomes 1.77, 


The actual safety factor can be derived from: 


Bursting pressure _ 6550 7 
Working pressure 7 Bene = 203 


In view of recent information on the failure of vessels due to repeated 
charging and discharging, it is considered that the safety factor based on 
the repeated test pressure, i.e. 3550/28h4 = 1.25 (see subsequent data on 
. test pressures), be taken into account in estimating the strength of a 
vessel. A mumber of experiments tao determine the relation between burst- 
' ing pressure and pressure cycles would be required. From the information 
obtained by the Japanese (see subsequent data on test pressures) tests on 


=~ the effect of size would be needed in addition, 


_ Prom the equation, a second term to take into account the effect of "top= 
ping up* could be added to the present formula which will have the form: 


Pp = RaB_ a 


= number of cycles 
= constant 


K.and n being determined from the repeated test pressure curve for the 
vessel and will be dependent: on the volume, 


Design of Fuel Vessel 


‘The design of the furl vessel is similar to the design of the oxygen vese 


sel except that there is neither a Strengthening band nor a shoulder for 
making the end joint(see Figure 4k)e It is screwed on by @ square thread 
undercut on one side to ie oxygen vessel, the joint being finally sealed 
by lead fillet. 


i The balance chamber is secured to the fuel vessel by screwed and sweated 
rivets. : 


‘The thickness of the vessel is reduced from 12mm (0.473") to 6.5mm 
(0.256") since the vessel is only subjected to the pressure in the circuit 
after the reducer. 


The oxygen supply pipe passes through the vessel at the boss at the cen- 
‘ter, together with the water inlet and fuel outlet pipes. The joint for 
the oxygen pipe is a gland packed with a leather washer in the Type 93, 
Model 3, and with a white metal washer in the Type 95. The pipe is 
straight, no allowance being made for expansion, It was stated that no 
ieaks into the balance chamber had occurred. 


Materials 


Details of both the specification and sample analysis for the oxygen ves- 
sel steel of the 24" Type 93 torpedo were obtained from the metallurgical 
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Section of the Kure Dookyara, This section carried out research in, and - 
manufactured. steel forgings for gun barrels as well as torpedo vessels, 


Chemical Composition 

Body Forging | . 
The undernoted three specifications for chemical analysis were used; No. 
1 was in d at the beginning of the war, No. 2 in the later 


stages, and finally No, 3 wag used, The changes were hecessary due to a 
shortage of nickel. , 


Oo 2 
Carbon 
Silicon 
Manganese 
Phosphorus 
Sulphur 
Nickel 
Chromium 
Copper 
Molybdenum 


It will be there is a steady decrease in the percentage of 
nickel an n the percent Apparently no 


fuel Vessel 
The ghemigal composition differs Slightly from that of theforygen vessels 
Carbon , 
Silicon 
Manganese 
-‘Phosphorus 
Sw phur 
Nickel 
Chromium 
Copper 
Molybdenum 


As the war progressed the average percentage of nickel was decreased, 
Mechanical Tests - 

eee uo 
Two tensile and Izod sets of test pieces were machined from a ring parted 


off the forward end of the forging and a third set was machined from the 
after end, 


Body Forging 


The speaification and sample analysis were as follows: 
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Specification Sample Test 
Top Bottom - : Botton 


Yield point 


kg/mm ».100 >100 105 


tons/in? > 630k ? 63 ok 7 6607 


Ultimate strength 
ke/mm2 . >110 


2110 5 115 
tons/in? > 69.8 > 698 


Reduction in 4 
area % 30: - 40 


Elongation $  >15) > 705 16 
Gauge length ma 50 


Izod ft/1bs > 22 >1l 25 15 
“Hardness Brinell 320-385 320-385 325 325 


During one interrogation: Engineer OHATA stated that the mechanical test 
- pesuits usually were low on ultimate strength and rarely came within the 
specification. Retreatment of 20% of the oxygen vessel forgings was r6eu 
quired. If the results of the first test were outside the limits, the 
gecond specimen was tested, and if the results were within the limits, 
the forging was accepted. 
|! 


Forward ‘tha 


The specification and sample analysis were as undernoted: 


Specification Sample Test 


Yield point 

ke /mme > 85 90 
tons/in@ 5-00 571 
Ultimate strength 

ke /mmm 295 es. 105 
tons/in2 4 460.3 ae 66.7 


Elongation % 17 20 
Gauge length 50mm 


Reduction in area % >35 L0 
Izod@ ft/1bs 8 >30° 35 
Hardness Brinell. 280-360 320 
Fuel Vessel i 


One tensile and one Tzod test piece were machined from a ring parted off 
the open end of the forging. 
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The specification and sample results were quoted as follows: 





Specification Sample Test 
Ultimgte strength i 
refant ae 100 
tons/in2 ~ 6063 63 5 
Elongation % 12 15 
‘Guage length 50mm 
Hardness Brinell 280-385 310 


Working Tolerances 


The staff of the metallurgical department gave vague replies when quese 
tioned on the subject of tolerances, Ultimately it became clear that a 
forging was accepted on the results of the mechanical tests and that the 
chemical analysis was disregarded if the former were within limits. 


Manufacture 
Oxygen Yossel Body 
Melt Ss | 


4 ; 
Either an acid open hearth furnace (capacity about 50 tons) or a *Herouwlt® 
type basic electric furnace of 30 tons. capacity is used, 


The particulars of the ingot are ; 


. Weight 8.5 tons 
= Length 2228mm (7.31 ft) 
‘ Maximum diameter 1730mm (5.7 ft) 
Minimum diameter 630mm (2.1 ft) 
Shape : Octagonal 


Forging | 


The first heat treatment takes place in a car-type producer gas furnace 
for a period of 10 hours for the last four of which the temperature is 

maintained at 125000. The ingot is next forged by a 2000 ton press into 

approximate circle, 20% being cut off the top end and 5% off the bote 
Oi, 





The second heat treatment is carried out in the same type of furnace but 
lasts only for six hours, the last two being at a temperature of 125000, 


The 4000 ton press is used next to form a hollow cylinder weighing six 
tons and having dimensions: . 





Length 4495mm (14.76 ft) 
ee External diameter : 660mm (2.17 ft) 
peer Internal diameter 475mm (1.56 ft) 


Annealing 


a Annealing takes place in a car-type furnace and lasts 38 hours; 8 hours 

a to heat up to a temperature of 700°C, 10 hours at the maximum temperature 
ce and about 20 hours cooling down to 300°C. The forging is then removed 

ved and allowed to cool in open air, 
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“Rough Machining 


Rough machining ig done in a lathe and boring machine. The external 
looms is reduced to 621mm (24.5") and the bore increased to 500mm 
9.77), : : ' 


Heat Treatment 


’ Harden 2.5 hours at 8300C 
Quench in rape seed oil 


Temper 4. hours at 5800¢ 
Quench in oil 


Forward End 
Melt 
The "Heroult"-type basic elsctric furnace of siz tons capacity was used, 
The ingot produced had particularg: 
Weight 55 tons 
Length on 750mm (28,8") 
Maximum diameter 350mm (13,8) 
Minimum diameter 308mm (12,1) 


‘After annealing at 800°C, the top end is cut off. 


Forging 
The reheat requires six hours, two at 1250 ¢C ina car-type furnace, 
forging is. carried out in a die with a Punch in a 2000 ton vertical press 


Maximum diameter 600mm ( 23,6") 

Minimum diameter 470mm (18.5%) 

Depth 336mm (13,2") 

Shape : Hemispherical, flanged 
: at ton 


Annealing 

This is the same ag for the oxygen vessel body. 

Rough Machining 

The forging is now turned in the lathe to the Lollowing dimensions: 
External diameter 590mm (23;2") 
Minimum diameter 480mm coe 
Depth 289mm (11.4" 


Heat Treatment 
SE MONG 


The heat treatment after machining is: 


Harden ; 2 hours at 8300¢ 
‘ Quench in oil 


Temper , 4 hours at 6000c 
Quench in oil 
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Fuel Vessel 
Melt 


"Heroult"-type furnace is again used (capacity six tons). An ingot 
weighing 1.6 tons is produced having dimensions: 


Length 1030mm 440.7") 
Meximum diameter 530mm ( 20,9") 
Minimum diameter 500mm (19.7%) 
Shape 16-sided 


The top end is cut off in the same way as that of the air vessel end. 
Forging 


The reheat takes place in the car-type furnace; it requires six hours of 
which two hours are at 12500¢C, 


Deep pressing is done in the 4000 ton press. The dimensions of the forg- 
ing dre: 


Length 1070mm (42.2") 


Outside diameter 650mm ( 25.6") 
Inside diameter 520mm (20,5"} 


Annealing 


The same as fof the air vessel body and end, 


Rough Machining 


The forging is turned to the undernoted sizes: 


Length 855mm (33.7%) 
Outside diameter 621mm (24.5%) 
Inside diameter 558mm (22,1) 


Heat Treatment 


After machining the heat treatment is: 


Harden 2 hours at 8300¢ 
Quench in oil] =: 


Temper 4, hours at 6000¢ 


. Quench in oil 
Workshop Equipment - 4000 Ton Press 


The outstanding feature of the manufacture of the vessel was the use ofa 
4000 ton horizontal press (see Figure 45-48). This press is of Japanese 

design and manufacture and is copied from a "Hadfielan design, 

first used in 1935 to speed up manufacture by enabling the forging to be 

produced in one operation; with smaller presses five Operations had been 

necessary. In practice it was found that frequently two operations were 

required. 


A general view is given in Figure 45. 
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FIGURE 46 
RAM OF PRESS 





CONFIDENTIAL 


The ram (Figure 6) is connected to a crosshead (Figure 47) and moves on 
three supporting euides. It passes into a container (Figure 48). The 

nose piece is detachable, It was stated that up to 100 forgings could be 

made before renewal of the nose. ‘The container, which can be changed but 

was: stated to have a life of over 1000 forgings, has a bore slightly tap= 
ered to facilitate the ejection of the forgings. 


The crosshead is. connected at the center to the main power cylinder pis- 
ton and at the upper cornérs to the two return cylinder pistons. At the 
back end of the container is the ejection cylinder (Figure 48). The ram 
of this was used: to eject the forging. 


The leading particulars are ag follows: 


Weight 
(excluding hydraulic pump). 600 tons 


(1) Main cylinder (one in number) 
Diameter: of piston 1016mm (40.0*) 
Stroke . 7620mm (25.0 ft) 
Maximum Water pressure 3 tons/in? (6720 lbs/in?} 


(2) Return cylinder (two in number) 
Diameter of ram 305mm (12) 
Stroke . 7620mm (25.0 ft) 
Water pressure: 2400 1bs/in2 


(3) Ejection cylinder (one in number) ; 
Diameter of ram. 305mm (12") 
Water pressure 2400 lbs/in 


(4) Speed of operation 

Under load % rv 78.8"/min. 

No: load (ahead) ee 90.6"/min. 
(astern) _ @ or 327. o"/min. 


Machine Tools 


The. final machining is carried out on lathes and boring machines. No 

grinding is employed. To machine the curved surface of the after ends of 
- both the oxygen and fuel.vessels a special setup is need having a round. 
nosed tool holder: ‘with an adjustable tool. 


The - damage due;to bombing was most extensive and it Mas impossible to make 
- detailed examination of the equipment. Two points were, however, noted: 


(1) The machine tools were of antiquated design. 
(2). All vises were of the blacksmith type. No evidence was seen of 
modern machine tool methods nor of any atteapt to measure surface 
; finish. 
The appearance “of the completed vessels was as good as that of Allied tor- 
pedoes, Q 


Test Pressures of Oxygen Vessels 


Test pressures were applied to the pomploved oxygen vessels hydraulically, 
using oil. 


They were as undernoted:. 
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FIGURE 48 
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@ ; ‘For a working pressure of: 225 kg/em2 (3200 lbs/iné) 
“3 Test pressure 330 kg/cm? (4700 1bs/in2} 
: Bursting pressure 460 ke/om2 (6540 1bs/in2) 
Repeated test pressure 250 kg/em2 (3550 1bs/in2) 


Cyeles before: failure occurred: 


Type 93, Model 1 Lowest _ 870 

= Highest 1300 
Type 95 eg 3000 
Type 02 5000. 


Repeated tests were carried out with a cycle of approximately 20 minutes. 


No diagram of the pressure applications was made. ‘The plant was operated 
manually, gauge readings being taken. ; 


Only three or four vessels were subjected to the test, the series being 
repeated with each change in the material. At the start of the war, fraile 
ure occurred in the. Type 93 at 1300 cyeles and fell to less than 1000 at 

. the end of the war, 
No attempt was made to ascertain the relation between the number of cycles 
and the size of the vessel. For a small vessel the figure is much higher 
than: 3000, 


At the bursting pressure, failure occurred in Type 93 in the middle of 
the vessel but not in the vicinity of the top stop. After repeated tests 
the fracture otcurred at the section with increase@ thickness where the 
shoulder is formed to retain the vessel end. 7 
The introduction of the repeat 
ese ha 

n the stressing. In 
addition, the use of pure. oxygen would not minimize the damage done should 
a failure occur, 


It is of interest to note that the position of the failure under repeated 
stressing is similar to that of the British air vessel failures in ser- 
vices 


It was stated that xo oxygen vessel had burst in service during the war, 
One torpedo officer, a lieutenant, 22 years of age, who had seen service 
in submarines and eruisers and’ had fired both Type 93 and Type 95 oxygen 
pedoes, stated that explosions had occurred with Oxygen torpedoes wnen . 
they were first introduced but not subsequently. 


‘Storage and Preservation 


When a new torpedo was sent from the manufacturer to naval storage, the 
a@ir vessel.was inspected, eleaned and’ preserved, Cleaning was carried out 
with a wire brush and petrol. A mineral oil was used as preservative, In 
the. case of Type 95, the oxygen vessel was preserved by the electrolytic 

about O.lmm thick) internally. On account of the 
power required and the size and expense of the electrolytic apparatus this 
method was. not used in the large vessel of the Type 93. 


Power Unit 


Type and Leading Particulars 


The’ engine is of the standard Whitehead design and has two double-acting 
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eylinders. placed horizontally in line, with the reversing neers forming @ 
the connection between the two cranks. (See Figures 49-58.) 


The leading particulars in the case of Type 93 are as undernoted: 


Gycle - ; : Wet heater, 100% oxygen, 
ae sea water diluent. 
Number of cylinders ; — Two, double-acting 
. Bore: 142mm (5.59%) 
.. 3d Stroke — , 480mm (7.08") 
: tox: Swept volume - 684% in 
Max. inlet pressure 38 ke/em2 (540 1b/in2) 
Max. horse power . 520 
Max... RPM ~ 8 -— 1200 
Oxygen. consumption a 4 = 4.2 lbs/BHP/hr 
tS Expansion ratio = ; 1.5 4 
_ Weight 770 lbs (without generator ) ee 


- It was stated. that the engine was an improvement on the Whitehead, with 
- : suitable modifications for higher powers and to enable sea water to be 
used as diluent. 





2 . The undernoted vente gives. a comparison with British radial engines: @ = 

‘ Japanese British : 
Horse: ower: | 520 > ' 320 240 

BMEP (1bs/in2) 245: 377 - 
eaeck volume (in3) 68%, 280 392 é 
Weight 770 - 260 300 
Hp/in? of swept. vol. 0.760, ~ Lh 0.612 - 
Specific weight 1.48 0.81 1.25 


Note: For the British engines the maximum horsepower in the torpedo 
has:. been. taken, and.an allowance of 50 pounds-for the transmission has 
been added to ‘the’ engine: weight: (without: generator). 


It is evident from these figures that the Japanese decided that the best @) - 
overall efficiency can be obtained by the use of a large engine with a J 
big swept volume, low expansion ratio giving a low inlet pressure but a . 

poor specific oxygen consumption, i.e. that with a big vessel the gain due 

‘to a high thermal efficiency cannot compensate for the loss due to a 

Larger weight. of. oxygen. remaining in the vessel at the end of the run, 








Construction 


‘ } 
- Cylinder Body- \ ; 


The. cylinder block is a- casting of the standard phosphor/bronze material 
used. throughout the torpedo. See Figure 52) In the casting are the two 
cylinders and valve chest; it is spigotted to the crankcase at the cylin- 
ders and. valve chests and secured by ring nuts. 


No. cylinder. liners are used, the bearing surfaces being machined in the 

body material. ‘The cylinder crowns are of’ copper thickened to stand the 
hammering from the salt deposit. A knife-edge joint is used, the knife 
edge being: machined in the casting. The covers are secured by ring nuts, 


“Wear on the cylinder walls is not serious; the main problem is to prevent @ he 


ay ; 
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"IGURE 50 


FIGURE 49 


SIDE VIEW OF ENGINE 
fi 
END VIEW OF ENGINE 
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FIGURE 51 
PLAN VIEW OF ENGINE, TYPR 93 


FIGURE 52 
CYLINDER BARPEIS OF ENGINE. 
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This ig accomplished 
. total 1 
One ring 
Tod forward oF the 
yY a lock nut and are a faire 
is made to get a tight fit, the oil 
int. This modification was 


8mm (0.3157) 
omm (0.1971) 
témm (0,551) 


Thickness of Cylinder wall 
‘Thickness of cylinder cover 

Length of thread Securing cover 

Port areas 

‘Number per cylinder 2 


Vidth 12.5mm (0,491) 


Length 


Packing rings 
First ring 
Diameter 


- Length 


Crankease 
———— 


The. crank 
it is mag 
ing to th 
culty was 


It is fla 
head 


Pistons 


These are 
are dome- 
with two 


Remaining tings 
External diameter 
Bore . 


Clearance 
Water spray 


37mm (1.46") 


47mm (1.85) 
72mm (2.76) 


44.8mm (1.76") 
35.3mm (1.391) 
0.3mm (0.0121) 


12 holes in lock nut 


ease (Figure 53) isa Separate casting from the Cylinder block; 
@ of silicon bronze hormally but toward the end of the war, owe 
A great deal of diffi. 


@ shortage of bronze, steel was used, 
experienced with the latter, 


Nged and bolte 


of the standarg Whitehead design, 
shaped and are integral with the pis 


Piston diameter 
Clearance in liner 
Thickness of head 
Diameter of piston rog 
Rings : 

Width 

Thickness . 

Free gap 

Clearance in &roove 


139 


The casting forms the crosse 
nd helical é88r in addition 
cover is a separate casting 


(See Figure 54.) The pistons 
ton rods, They are fitted 


Replacement of 


Tt tted that 
Ticiency resulted, 


It wag 
Failure also 
od, 


141. 5mm (5.57) 
0.5mm (0.1977) 
7mm (0.2757) 

35mm (1,387) 


10mm (0,394") 
4mm (0,158) 
20,5mm (0.8081) 
0.2mm (0.00390) 
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FIGURE 63. 
CRANECASE, ENGINE. ‘TYPE 93 


eT, FIGURE 54 0 
CRANKSHAFTS, PISTONS AND CONNECTING RODS, ENGINE 
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Crosshead 


The crosshead is a steel forging into which t 
is split at the thread and the rod i 

the head onto the rod. (See Figure 
Plain pin Tunning in a white metal b 
fails into a recess in the crosshead 


The external Surface of the head has 


bronze of the crankcase casting, 


Diameter or crossheag 
Length 


Thickness of White metal 
in 


Diameter of pi 
Length of pin 


Crankshaft 
eS ALt 


the worm drive for 


connecting rods. (See Figure 54.) 


tions and are Set with a phase difference 


The central mounting 
ries one Side wheel, 
race secure 


egral with the gear wheel. 
external main 
» COnSists of «4 Square which 


is integral with the outer web and 


necessary to endble the rod to be 8 
is milled on the end of the big-end 
in a corresponding Tecess in the inner crank 


he rod Screws, the forging 
by two set ser 


ews which clamp 


The connecting rod bearing is a 
The pin has q square head which 
and is secured by a grub screw, 


106mm (4.18) 
90mm (3.54) 
omm (1,971) 
35mm (1,38r) 
94. 5mm (3.72) 


end journal 
The junction, 


The latter is a drive fit 


web. 


The gear wheel at the end of the Propeller shart meshes with the two side 
wheels forward of the central mounting and the Sleeve shart art of it. 


The main thrust from the 
Site the end 


One modification introduce@ by the 


in place of thrust: washerg to absor 


cre&sed output, 


Japanese wa 
6 the addit 


8 the use of thrust races 
ional thrust due to the ine 


The main dimensions of these details are as shown: 


External main bearing 
Diameter 
Length 

Internal main bearing 
Diameter ; 
Length 


Thickness of white metai 


Gear wheel (casehardened steel) 
Inside diameter 
Length 
Number of teeth 
Type 


70mm (2.751) 
49mm (1,931) 
698mm (2,751) 
49mm (1.931) 
5mm (0.1971) 


122.3mm (4.78) 
35mm (1,38) 
27 


200 involute 
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Connecting rod bearing 
* Diameter 35mm (1.38"} 
Length 559mm (2.2") 
Thickness of white metal 4mm (0.1571) 
Main thrust race 
- Overall diameter 115.0mm (4.53%) 
Diameter of ball 12.75mm (0,.502") 


Valve Gear 


The valve gear (Figure 55) consists of a steel day shaft set at right 
angles to the longitudinal axis of the engine and is located in the lower 
side of the engine crankcase between the connecting rods. The shaft con- 
sists of a single forging with a central helical-toothed wheel having a 
crank pin and external web on each side of it. One valve rod is driven 
by each of these pins, The gear wheel meshes with a bronze wheel mounted 
on an extension of the propeller shaft, 


Special materials for the helical drive were introduced to reduce the 
the wear due to the additional load from the salt deposit in the valves, 


XN 


Piston Valves 


The piston valves (Figure 55), which are tubular in shape and hollow, are 
of silicon steel to resist accelerated wear due to abrasion by salt. They 
operate in bronze guides which are machined in the engine body casting. 
Inlet gas supply is external to them and exhaust gases pass through the 
center of them. ; 


The rear end of the valves are screwed to a crosshead on the, end of the 
valve gear connecting rods, 


Great difficulty is experienced in preventing wear. Frequent replace- 
ments are necessary. The normal life is about three runs, When the 
clearance exceeds 3mm a'replacement is made. In the initial stages over= 
size or repaired valves are fitted and finally the engine body is renewed, 


Poppet valves were tried in the 18" Type 94 (aircraft oxygen torpedo} and 
were abandoned because it: was found that the valves would not close due 
to the salt in the guide, 


The particulars of the valve are: 


Maximum diameter 67.9mm (2.68) 
Total length : 288mm (11.34") 
Diameter of exhaust passaze 4he5mm (1.75) 
Initial clearance 0.05mm (0,0019') 


Lubrication 


Two systems of lubrication are employed. The major portion of the engin: 
is lubricated through the oil distributer (nine points). There is, how- 
ever, a direct supply from the bottle to the two ends of the crankshaft 
for lubricating it and the valve gear, the delivery being controlled by a 
rated nozzle screwed into the casing. Oil passages are drilled in each 
component. 


The oil is supplied by a reciprocating pump incorporated in the diluent 
sea water pump. It is of the double~acting type. 


Bore 22mm (0.866'") 
Stroke 64mm (2.52") 
RPM Half engine speed 





GEAR, TYPE 93 
PUMP, TYPE 93 


fIGURE 56 


FIGURE 55 
COOLING WATER 
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‘Engine Cooling 


The cooling of the ec 
ted and flowing thro 
temperatur 


for rang 
The pump 
° 


Length of gear wheel 4.7mm (1.85') 

Diameter over teeth 76mm (2,991) 

Number of teeth 16 

Out put 8 liters ber 100 engine 


revolutions 
Diluent Sea Water Pump 
or Pum 


This is a double-acting, Single-throw reci rocating Pump, gear-driven at 
half engine Speed. (Sea Figures 33 and 57.) 


The special features are: 


(1) The inclusion of a third non-return valve On the delivery Side 
to damp out the Pressure fluctuations in the delivery. 


(2) The use of a small vent hole in the suction valve cover to ob- 
viate air locks in the case of above water discharge, (This was 
also found necessary in British torpedoes, ) 

3) Extremely rigid method of attachment to the engine Casing, 


The pump Supplies sea water: 


(a) To the 
(b) To t 
Placement, 


(c) 
The distribution is: 


Generator and Fuel Bottle Engine Cooling 


‘High speed 60% 
Medium speeq 40% 60% 
Low speed © 30% 70% 


. The casing is of Phosphor+bronze. with no special features, 


Bore 7 20mm (1,97) 

Stroke 80mm (3,15") 

Delivery pressure kg/em2 40 ke/om2 (568 lbs/in2) 

HP required 17 

Output. 13 liters per 100 engine 
i revolutions 


Valve Timing 


The timing of the engine is: 





“POHP, IYPE 93 
SHAFTS, TYPE 95 
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Admission . 10° B.T.C, 
Cut off 100° A.T.C. 
Exhaust open 3 135° A.T.C. 
Exhaust closed 315° A.T.C. 


From this it is seen that: 


Expansion occurs for 350 of crank angle. 
Recompression takes place for 44° of crank angle, 


The design of the engine uging slide valves is such that it is not pos- 
sible to avoid recompression without fitting an auxiliary exhaust valve, 
This was not done because of the additional complizations. 


It therefore became necessary to admit gas at all positions of crank 
angle; hence the use of an expansion ratio of 1.5, In view of the origi-= 
nal decision to have a large low pressure engine, the low expansion ratio 
serves the double purpose, 


Shafts and Propellers 


The two shafts (Figure 58) are only supported at the rear end by white 
metai-lined bearings. Propeller cones are keyed to the shafts and the 
propeller drive is through two keys: 


Bore of exhaust outlet 66.7mm (2.6") 
Width of propeller bosses 88.9mm (3.5") 
Maximum blade width 171.5mm (6.75") 


Maintenance 


The weak point in the engine was stated to be the piston valves and the 
worm valve gear, 


With the introduction of pure oxygen and sea water it was found necessary 
to overhaul the engine, generator, reducing valve and group after each 
run becauset(a) the ball bearings rusted, (b) the salt had to be removed 
.from the generator and engine, and (ce) the oil had to be cleaned off the 
group and reducer. 


Materials 


The materiais used in the construction of the engine and their mechanical 
properties are: 


Silchrome Steel 
Chemical Composition 


Specification i Sample Test 


Carbon 0.35% 
Silicon 2.3% 2.07% 
Manganese 0.30% 
Phosphorus 

Sulphur 

Chromium 

Tungsten 

Nicleel 

Copper 
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Mechanical Tests 










Specification Sample Test e 
Yield pgint 
mn 65~75 66.6 

lbs/in® 9243-10, 665. 9471 
Ultimate strength — 

ke/am* 90~100 86 

Lbs/iné 12, 79814, 220 12,229 
Elongation 18% 5 
Reduction in area - 52% 

50mm gauge length 
Izod ft-lbs 25 - 
Brinell hardness 251/280 233 







Non-Ferrous Material: 






Phosphor—bronze 







Tin 14% 
Phosphorus 1% 
Copper 85% 








NSILZIN® bronze . 
Silicon 45% 
Zine 15.0% 
Copper 80.5% 






Oxygen vessel steel is used in the following components: 






Pistons (and rods) 
Connecting rods 
Crankshafts 


Weights of Components in Type 93 Engine. 













kg. ~ ib. 
Cylinder block and ehenecess 113.5 335.7 
Slide valve (one) 2.0 Lod 
Valve gear 14.5 31.9 
Crankshaft 42.9 9hk 
Propeller shaft L7 ol 37.6 
Sleeve shaft 21.0 46.2 
Generator i 40.0 &8.0 
End cover of erankcase ana center tube 20.0 44.0 





Design Detail 
Indicator Diagram 


Ay theoretical indicator diagram has been drawn based on the following 
data: : 








Inlet pressure (kg/cm?) 3h (283 1bs/in2) 
Exhaust pressure \(ke/cm2) 4 (57 lbs/in2) 
Ratio of specific heats 1.3 

Clearance volume 5% Of swept volume 
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Engine Timing 


Admission ; 10° B.T.¢ 
Cut-off 1000 a.t.¢ 
Exhaust opens : 1350 A.T.¢ 
Exhaust Closes 315° A.T.C 


The diagram is shown in Figure 59, 
Mean effective Pressure = 22.8 kg/em2 (325 lbs/in2) 


‘Ratio Mean Pressure = 26.8 = 0,79 
ax, essure 3 


. Theoretical indicated horsepower = Pm IAN x 4 
a 5 x BO 


z 4X 22.8 x 154 x18 x 1200 . 67h. 
TSE L000 SE BG 


When L.= 180mm (7.1%) 
» N =1200 ppw 
A =154 em2 (23,9 in?) 
Assuming a diagram factor of 0.90, 
Indicated horsepower for diagram = 674 x 0.90 = 606 
Brake horsepower =520 
Mechanical efficiency - 250 =0.858 


ing gear lo 
» the indic 


Engine Balance 
EES 


In the following Claculations it has been assumed; 
° (1) 2/3 weight of Connecting rod is taken as a rotating weight, 
(2) 1/3 welght of rod is taken as reciprocating weight. 
Piston and rog - 4 ke (8.8 Lbs) 
Crosshead 207 ke (5.94 lbs) 
Connecting rodq 3°5 kg (7.7 lbs) 


Since the web is perfectly balanced by choosing & suitable balance weight, 
. the rotating masses can be balanced and can be neglected. 


Reciprocating parts: 
Weight = 4o0+ 2.741,2 = 7.9 ke (17.38 lbs) 


Unbalanced Foree 
ae 
The unbalanced forces Qj have been calculated from: 


21 =Wrw2 (cos 81 +Leos 2aj) 
Zz. 
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= Weight of reciprocating parts 

= Force of gravity 

=Radius of crank 

=Angular velocity of crank 
Crank angle 


r/1 where 1 = length of connecting rod 
90 = 06225 : 
OO 


Since there are two cranks at 96° initially and have a phase difference 
of 90° the equation becomes: 


Q =Q1+ Q 


Where Q1 refers to the starboard cylinder 
and Q2 refers to the port cylinder: 


Q@=Wrw? J(cos aj + cos ag +L(cos 2a, + cos 2a2)| 
g 


Substitute a = a, +900 
cos a9 = cos(az'+ 90°)= = sin aj, 


cos 2a2 = cos(2az + 180°)= - cos 2ai 
if 


i 
Q =W rw (cos aj = sin aj) 
& 


As W rw2 remains constant. the equation can be written: 
g Z 


Q =-K cos a, ~ K sin aj, 
Differentiating: 


aa = -K(sin aj + cos aj) 
or 


Equating to zero for maximum or minumum values: 
sin aj =-cos a), or tan aj = -1 
Therefore, a, = 135° or 315° 
The maximum can be separated from the minimum by a second differentiation: 


€2Q = -K(cos ay ~ sin aj) 
day2 f 


= K(sin ay - cos aj) 
Substituting a, = 1350: 


a®Q ee ee 1 | Positive 
faye ~ wa tVe 


Substituting a, = 315°: 


are _X fs 2 rt Negative 
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@, = 135° is a minimum. 

@) = 315° is a maximun. 
Thus Q 1s a maximum when a) = 315° and also when az = 135° but in the 
datter case the force is in the opposite direction and therefore appears 
mathematically as a minimum, 
Hence: 


Q max = W rw (cos 315° - sin 315°) 
& 


=W mw2 (2 cos 450) 
& 


Substiitut ing: 
iT 


¥ 
& 
. 2s 
1 W 


7.9 &, 

9.8 m/sec2 
0,09 meters 
126 radian/sec 
45° =0.707 


Maximum unbalanced force: 
* @ = 1620 kg (3564 lbs) 


Since the two cylinders are placed practically horizontally the whols 
of this unbalanced force acts parallel to the axis of the torpedo. 


Unbalanced Couple 


Both the pistons move in the game horizontal plane but are spaced a dis- 
tance "b” apart, so there will be an unbalanced couple M where:~- 


Ms (Qi = @2) 
{It 


i 7 


i 


‘uo ou nou 


° 
° 
a 


o 


tw2 “(cos a, + L cos 28] ~ Cos a2 - L cos 2a) 


vio No No oN 
IS mI os 


rw (oos a2 + sin ay + 2L os 2a;) 


4 


Let K = 


then M = K(cos aj + sin a, + 2L cos 2a;) 
Differentiating and equating to zero as before to get maxima and minima: 


QM = K [| -sin aj, + cos al + 2L (-2 sin 2a}) ) 
da 1 


K(-sin a, + cos a, - 8L sin a, cos aj) 


= ces a) ~ sina 
gin ¢ at ‘COs a] a 


1 
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= cos” a, - 2 sin aj cos a) 4 sin® ay 


(sin a) cos a,)2 


i - Sin 2a] 
(ain 2a;)2 
~16L@(sin 2a3)* + sin 2a, = 1 0, 


Sin 2ay = sh evi + LOGE) 
3218 


L =r/1 = 90/400 
~8in 2a; =0.655 
2a, =41°, 139°, 401°, 499° ete. 
@2 = 20.59, 69.5°, 200.5%, 249.59 etc. 
Substituting these values in: 
M =K(cos a) +sin a, + 2L cos 2a3) 
When: 
al = 20.5° M *1.63 K 
@1. = 69.59 M =1.0K 
@1 = 200,5° M= -1.0K 
@] = 249.5° Me -1.63 K 


The maximum couple occurs at.az = 20.59 and 249.50 but in opposite direce 
tions at these angles. 


Using the values as before and with b = 30 om: 


= Maximum couple = 282 ke-m or 
: 2040 Lb. ft. 


It is impossible to balance either the force or the couple in the space 
, available, since the forces will increase with the square of the speed. 
It now becomes clear why the engine cannot be run at powers over 350 hp. 
Loads and Stresses 

. Piston rod 

Maximum load = Piston area x (inlet pressure - back pressure) 


= 154 x (34-4) = 4620 kg or 10,164 lbs. 


From the inertia force and indicator diagrams the maximum load (gas pres- 
sure + inertia force) occurs when a, = 100°, 


Substituting in the equation which determines Q1, the inertia is found to 
be 4A4 ke: / 
; } 
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Maximum load = 4620 + 44h ke. 
= 5064 kg or 11,141 lbs. 


Using the final diameter of the rod of 3.5 ems 


Stress in rod = 5064 k 
toot st cross section. 
= 5064 ke 
9.62 Com: 


526 ke/em2 (7470 1bs/in2) 


Connecting rod and crosshead 


Maximum load = 5064 
cos ¢C 


Where c is the angle of the rod with the center-line when the value of ay 
corresponds to: 1000; 


Maximum load = soot = 5190 ke 


Bearing pressure on crosshead pin = ee 
e =x eo 


= 157 ke/em? (2229.4 lbs/in2) 
Side thrust on crosshead bearing 
= Maximum load on rod/sin x 
5064 x 0.222 
= 1124.2 ke or 2473 lbs. 
Rearing pressure on crank pin 


= Max. load on rod 
earing area 


= 5190 = 2648 
ed ZX de 


264 kg/om? (3760 lbs/in2) 


The side thrust on the crosshead is surprisingly high being over one ton. 
The bearing pressure on the crank pin is also high. The temperature at 
which it runs must be low, otherwise the white metal bearing would not 
stand up to the working conditions. 


Diagrams 


From the data available some diagrams have been drawn because they are of 
interest. 


The turning moment and inertia diagrams for each eylinder are plotted in 
Figure 60. The turning moment is the resultant of the gas pressure forces 
and the inertia forces. The two sets of curves are 90° out of phase. In 
Figure 61 the combined turning moments and inertia forces are shown. It 
will be seen that the torque varies much more than would be expected; from 
330 kg metérs to 560 kg meters. This is due to the inertia forces being 
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th 


& maximum and minimum at the dead centers on account of the 900 out-er- 
' phase condition, 


The diagram of the bearing load for the crank or main bearing pin shows 
that all the load is applied in the fore and aft direction. Figure 62). 


Thermodynamics 


- Oxygen/fuel ratio 
Water/fuel ratio 


Speed 

Range 

Horsepower 

Oxygen Efficiency 
' Oxygen Consumption 


n 


& 

om) (by volume) 
75 (by weight) 
knots 

2000 meters 

0 


sare 


Uo uv how ito a 


bn 
ORD 


00 hp sees/ke oxygen 
ea8 = 02289 kg oxygen/sec. 


0.103 Kg. sec 
seo. 


Fuel Gonsumption 


Water Consumption = 1.00 ke 


From Gas Anelysis 
of : 


% by Weight 


co2 16.0. 
co , 6.6 


H20 77.0 
02, Ho, No, ote. < 0 


The Japanese could not supply the exact data of a gas analysis and these 
- percentages (by weight) were estimated from data compiled from memory. 


' Composition of Fuel 86% Carbon | 14% Hydrogen 
“Ratio of Atoms C/H = 7.17/14 
2 o ‘ = 1/1.95 

Therefore, empirical formula of fuel - CH1.95 

0/F = 2.8 Ratio of mols = 1,2 

W/F (by weight) = 9.75 Ratio of mols «= 7.55 

1.22 02 + CH].95 + 7.55 H20 = aCOo + pCO + cH2 + dH20 
a+rbszil 
(20 + 24 = 1.95 + 15.10 
‘ohh + 7.55 = 22 +d +a 


Gas analysis Mol. ratio co2 =8 =1.54 
CO" b 


Hq 
Q 


Solving these equations: 


a = 0.606 db = 0.394 
c = 0.12 a = 8.3 


Therefore, 1.22 O02 + CH1.95 + 7655 H20 = 0.606 CO2 = 0.394 CO + 0012 Ho 
+ 8.38 H20 
Neglecting the diluent water for the present we have; 
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1.22 02 + CHL, 95 = 0.606 COg+ 0.394 CO + 0.12 Hg + 0.83 H20 
Heats of Formation 


These values: are for a temperature of 25°C and are the heats of formation 
. of 1 gm. mol. 


CHL.95 = 4.185 K calories 
0.606 C02 =(94.25) 0.606 = 57.1 K calories 
0.39 CO-= (26.15) 0.39) = 10.3 K calories 
: 0.83 H20 = (57283) 0.83 = 48.0 K calories 
Total heat evolved (neglecting latent heat of fuel) 
(5701 +10.3 + 48.0) ~ (4.185) K caleries/gm. mol. fuel 
- 111.22 X calories/gm. mol. fuel 
821.2 K calories/second : 


it 


" Now consider heat required to supply latent heat to the diluent. 
Take the pressure in the generator as 34 kg/cme (about 34 atmospheres) 
i. : Latent heat of water at this pressure = 415 K cals/kg 
Me, . = 415 K cals/sec 
Agsume final temperature to be about 600°C 
Mean specific heat of water from 25°C to 6009C = 8.63 cals/gm mol 
= 00479 K cal/kg 
= = 0479 K cal/sec 
‘Therefore, total heat given to diluent = 415 + 0.479 (T2-T1)K cals/sec, 
Where T) and To are the initial and final temperatures respectively. 
Now consider heat given to products of reaction. 
Mean specific heats {2} COs from 25° to 600°C = 11.12 cal/gm mo1/0C 
2) CO from 25° to 600°C = 7.26 cal/gm mo1/°C 
(3). Hp0 -from: 25° to 600°C = 8.63 cal/gm mol/9C 


Heat to raise temperature of products. 


os ° = (mg = T)(0.606 x 11.12 + 0.394 x 7.26 + 0.83 x 8.63) 


Mi 


= (Tg ~ T1) 16.76 calories” 
= (To = T1) 0.01676 K calories/gm mol of fuel 
= {To - T,) 0.1237 K calories/second 


Balenco : . 
821.2= 415+ 0479 (Tg - TH) + 001237 (Te - 7) 
406.2 = 06027 (T2 - T)) 

To ~ Ty = 406.2 

a0 {WORT 


| = 67426 
Final temperature of generator = 659°C 
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Heat Less From Generator 


This problem must take into consideration a thin film of diluent water in ; 


z 


contact with the inside of the generator and a film cf cooling water in 
contact with the outside wall of the generator. 


Therefore, ¢onduction of heat takes place through a relatively stagnant 
film of water on the inside of the wall, then through the wall and finally 
through a stagnant film of water on the outside of the wall - similar to 
the action in a steam pipe. 


The overall conductance (H) of the system will be given by: 
H = 1 
Mm+k +H 
_ Where Hy and. Ha Conductance of fluid films 


k = Coefficient of conductivity of wall 
i = thickness of wall 


It 4s aifficult to find a value for H, since it will be affected by the 
evaporation and condensation on the inmer wall, the rate of flow of gas, 
and. the temperature differences at various points on the wall. Assuming 
the system to be similar to a steam coil, @ value has been taken for H o 

55 K cals/m2/hour/ec. 
Heat loss = HA (Ty - To) t 
Where H si overall conductance 
A = surface area = (approx.) 0.155 m2. 
Ty ~- T2 = temperature drop across wall = 600°C 


= time 


Heat loss = 55 x Gente x 600 


= 1.42 K eals/sec. 
Percentage loss = 1.42 x 106 


= 0017% 


Because of the above-mentioned factors which are very difficult or in- 
possible to estimate, the figure obtained for percentage heat loss from 
- generator walls can give no more than an indication of the true value. 


It is safe to assume, however, that the heat lost from the walls is a 

eat deal leas than that oatimated on the conduction of the metal alone 
this comes to about 16%); therefore, for the purpose of this calculation, 
it will be neglected, 
Thermal Efficiencies and Heat Balance. Sheet 
Theoretical Thermal Efficiency 


The theoretical indicator diagram has been drawn and is. shown in Figure 
59.. Since the motive fluid is about 80% steam, the estimation of the heat 
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balance has been made uSing, the Rankine cycle. 


Now the Ranitine efficiency - m - #2 
eee « BY] 3 
Total heat of the steam at inlet 
fotal heat of steam after release 


Total heat of the water at initial pressure and 
final temperature 


For the torpedo engine H3 is usually taken as the total heat of the stean 
at exhaust. since there is. not a condenser and feed pump. 


From the engine timing, cut-off takes place at 1100 of crank angle and re-~ 
lease at 135° from which the piston displacement can be deduced. 


. Taking swept volume as unity, and Clearance volume at 5% = 0.05, volume at 
- Gub-Off = 0.05 + G05 + 00087 = 0.637 


Volume at release - 0.05 + 1.0 = 0.067 = 0.983 
Inlet temperature = 660°C 


Inlet pressure = 3h kg/om* 


from P, Vy? = Tt the pressure at release can be 
: f. it Pa V2" Cptained. 


“Bg Pu(V)F 
» (¥g) 


3h | e685 leo 
Where r = 1.27 for the motive fluid 
P2 =3h (0.648)2-27 
Po =34 50.5764 5 19.5 ke/eme 


_ Now the specific volume of steam at 34 kg/om* and temperature 660°C is 
°0.125 m’/kg. Temperature at release Tg = P2V2 


“R 


Where R = gas constant for the mixture 
= 4207 kg-m/ke : 


T> = 19.5 x 104x0125 x0.983 
° x. e 


= $800K = 607°C 


Total heat at pressure 34 kg/cm2 ana temperature 6600C = 910 kg cal/kes 
Total heat of saturated steam at exhaust: : a 


Pressure 4.5 kg/om? = 655 ke cals/kg 


Rankine Efficiency = ato = ete 
“a 
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~The total heat quantities are only approximate gince they had to be esti- 


mated by extrapolation from a small chart. They are sufficiently accurate 
to indicate the order of the efficiency. 


When compared with the actual efficiency of the semi-internal combustion 


cycle of 25%, the inherent disadvantage of the wet heater cycle hecomes 
apparent. ; / : 


Overall Thermal . Efficiency 


One 1b oxygen on being burnt with kerosene yields 6000 B.T.U. or 3326 kg 


-cal. Therefore heat produced per second in the generator of Type 93 





= 0289 x 3326 

“ ; = 961.2 kg cal 

Energy produced in generater = 961.2 x 3087 
“2 5400 hp - 
Measured shaft horsepower of engine = 520 
‘Heat to work = 520 x 100% 
, = 5.6% 
Heat Balance Sheet 

Heat input — 
Per kg of oxygen 3326 ke cals 
Heat output— 
To work 3326 x 0.096 319 kg cals 

. To exhaust 


; Water to fuel ratio by vol. 9.75; by wt. oxygen fuel ratio 2.8 
ihe Therefore, oxygen to water ratio = 3.48 
At exhaust total heat = 655 kg cals 
Heat to exhaust ~ 655 x 3.48 = 2279 ke cals 
(Neglecting the heat carried away by the COg, CO and unburnt 
oxygen in view of the small quantity and low temperature) 


To cylinder walls by difference | 731 kg cals 
Heat input 100% . 

Heat to oxhaust . 68h 

‘Heat to cylinder wall otc. 22 

Heat to work 26 


Examining these figures it will be sean that any attempt to reduce the 
external heat losses will result in little improvement in performance and 
that the main gain can only be cbtained by reducing the exhaust lesses,. 


The. easiest method is to increase the expansion ratio but this is not 
possible when using this design of engine. 


Lubricants and Fuel | 
‘ Lubricants 
Prior to the war, the Japanese used a blend of mineral oil (No. 1) and 


rape seed oil for general torpedo lubrication, The use of two oils in a 
blend was troublesome, since in each case the lubricant had to be blended 
to suit the operational zone of the ship to which the torpedoes were being 
issued. 
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Name : + Saybolt Universal Seconds (3.0.5. ) 


‘No. 1 minerel oi] 15,000 
Rape seed oil 1,000 90 


These oils have approximately straight line temperature/viscosity curves 
parallel to one another. The standard viscosity range used was 10,0U0- 
15,000 S.U.S.- The practical useful range was 5000 - 26,000 S.U.S. 


Ia order to avoid the trouble of blending, H. KAWASE undertook experiments 
to find a single lubricant. The First Naval Fuel Factory at OFUNA supp- 
lied ae 4, mineral oil which had characteristics very similar to rape | 
seed oil. 


Saybolt Universal Seconds 


No. 4& mineral oil . 1,130 5 


KAWASE carried out tests using No. 4 mineral. oil alone as a torpedo lubri- 
cant. Owing to its low viscosity the stroke of the oil pump was reduced 
and, in the case of the Type 93, an orifice was also placed in the pipe 
line. By these methods the consumption ef 011 was kept within the normal 
limits. Tests were run in summer and winter and all gave satisfaction. 


The only. disadvantage in the method lay in the fact that, at the end of 
the run, the lubricant would be washed away by sea water and light cor- 
rosion occurred in crank chamber. For this reason the method was not 
adopted, but KAWASE is of the opinion that it is superior to the blending 
‘ method. Corrosion protection, while the torpedo is on board ship, can be 
afforded by a grease. 


The gyroscope is lubricated by a thin, colorless, mineral watch oil, 
supplied by Aichi Clock Co., NAGOYA and the First Naval Fuel Factory, 
OFUNA. 


Ruel 


In all their torpedoes the Japanese used kerosene which was generally re- 
ferred.to as "No. 1 Petroleum." : 


Composition % 


Carbon 
Hydrogen 
* Oxygen 
Sulphur 


Specific gravity 0.80 = 0.85 

Boiling range . 125° = 3000C 

‘Flash point — 30°¢ 

Calorific value . 11,000 ~ 11,500 cal/gm 


Ignition Temperatures 


The Japanese carried out a number of experiments on ignition temperatures 
of materials in pure exygen at various pressures. 


The apparatus used consisted of a common type "Bomb" calorimeter. The 

. sample of material under test was placed in an electrically heated dish. 
Temperature was measured by a thermocouple. The ignition temperature was ~ 
indicated by a sudden rise in the reading of the thermocouple. 


~“ 
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The following materials were testad:= 


Graphite Lead 
Lignumvitae SS Tin 

Fibre Solder 
Bakelite Nickel 

No. 1 Mineral Oil Tungsten 
Asphalt Copper 
Ebonite ‘ Rubber 
Leather Rape Seed Oil 


'The relation obtained between ignition temperature and pressure of oxygen 
is shown in Figures 63 (a) (b) (c). 


_-Zorpedo Drag and Shaft Horsepower 
Theory E 


The method used by the Japanese in calculating the drag and shaft horse- 
power of their torpedoes is given below: 


The resistance of a body is given by: 
F = av? cs 


F = resistance of the body (kg) 

A = density of the medium in which the body moves (ke/m}) 
V = velocity (meters/sec) 
C= 
$3 = 


drag coefficient 
= Surface area (meters2) 
Tren the effective horsepower is: 


FHP -FY 
oT 


Where lhp = 75 kg meters/sec 


The area S is taken as the surface area in the case of a body which has a 
good streamlined form such as the torpedo. 


For the value of C it is considered that the ma jor portion of F is due to 
surface friction and the remaining part is eddy resistance, From exper= 
ience this latter is considered to be 10% of the total, 


For the value of the drag coefficient Schlichting's formula: 


c= 0.455 
(loge R)*° 


is used for turbulent motion at the higher torpedo speeds, where R = Rey-~ 
nold's number and has a value of about 1,.5~-2.0 x 108 


map = 4 (1 +O.1) 0455 x8 x V3 


; (log, R)#-95 75 
Substituting the value of A for sea water 


A = 1026. kg/m3 


The formula becomes: 





FIGURE 63 (a) 
IGNITION TEMPERATURES IN HIGH PRESSURE OXYGEN 


1026 x 1.10 x0,455 x § x V3 
2x 75 x (loge R)2- 
SHP = EHP 
‘Where Ep .~ propulsive (hull and propeller) efficiency, 
Test Results © ° 


/ As has already been stated, the out-of-balance forces are too big to per- 
mit the engine of the Type 93 torpedo to be tested in the engine dynamo- 
meter at outputs greater than 350 hp. 


Tests of the torpedo in the tank were carried out, however, with the 21" 
Type 95 torpedo at 50 knots. ‘It: first run with tanking 

pitch and diameter of which were calculated to allow for the difference 
in: water flow between the sed and the tank. The RPM and reducer pressure 
were noted and the test repeated, at the same RPM and pressure, with the 
propellers removed and the shafts connected, to a dynamometer mounted out- 
side the tank, 
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In actual tests confirmed by engine dynamometer tests, 1000 hp was require 
ed so the value of the propulsive efficiency Ep Was only 0.83, 


Taking this value of 0.83 the HHP for the Type 93 at an instantaneous 
speed of 62 knots was found to be -1040, 


Similar ealculations were made, using Ey = 90%, for 40 and 30 knots for 
both the Type 93 and turbine torpedo F3 ani the curves shown in Figure 64 
were. drawn. : 


Determination of Propulsive Efficlency 


As a check onthe formula, a determination of the propulsive efficiency Ep 
has been made for the British 21" Mark Ix torpedo, 


Diameter (D) _. = 21" (53cms) 
Speed (Vv) =35 knots 
Horsepower 160 

Total surface area 


“ 


Hou ta 


Speed (V) = 35 knots = 0,514 x 35 =18.0 meters/sec 


Reynolds number R = VL 
LL 


Where u kinematic viscosity of medium 
= 000113 em*/sec for sea water 
0.0113 x 1074 m2/3e¢ 


R 18.0 x74  “- 1.18 x 108 
0.0113. x 10° 


‘108g R = 232 1ogi9R 
2.3 28.0719 = 18.44 
log (logs R)2058 2.58 X logig 18.44 = 32656 
(log, R)2°58 = rey, 


FHP = 3.42 x'11.7 x (18.0)3 


126.6 
Propulsive efficiency = 126.6 x 100 = 79,2 
—~~I60- 


The corresponding figures for the Japanese Type 93 aze: 
468 
530 
88 


The. lower figure of the British torpedo is partly due to: losses in the re= 
versing gear which are not included Since the horsepower in the dynamomete 
er is measured immediately behind the engine, 
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It is considered that these leases will not exceed 5% so that the propul- 
sive efficiency is less than that of the Japanese torpedo. 


Propeller Development 


The problem of propeller design became most important during the develop= 

_ ment of Type 93; Model 1, because the speed approached 50 knots. Calcula- 
tion showed that the output of the engins was sufficient for the speed but 
hat figure could not.de @btained in the sea. The performance of the tor=- 
pedo was: 


Depth 3 Speed 
3 meters (9.84 ft) L6 knots 
: 6 meters (19.6 ft) 48 knots 
12 meters (39.4 ft) : 50 knots 


The Japanese realized that cavitation was occurring at shallow depths. 
Many experiments were carried out with modified propeller forms including: 


Constant pitch 

Varying pitch increasing towards blade tip 
Blade area ; 

Blade form : 

Blade section 


Tests were not completed due to the difficulty in manufacturing experimen- 
tal propellers. 


The effect of all the modifications was less than 2 knots. Some impreve- 
ment resulted. from: 


Varying Pitch, Decreasing at the Tip - A mean pitch of 1.3 meters is 
aint a7 a th Ditch at the two Sitts of the blades being less than 


ainea, the 
that in the center. 


Elliptical Blade Form - The normal blede is wide at the tip and de- 
creases uniformly to the root; with the elliptical form the maximum 
width occurs at 0.7 of the radius and decreases at the root and the 
tip. oe 


“Increase in Blade Area - The normal form was retained but the width 
‘generally increased. 


Single Arc Section - The use of a single radius to get the curved sure 
face on the pack of the blade in place of two radii. 


About five or six years ago, while the tests were in progress, an Italian 

- §0+knot torpedo was:imperted. &It.was found that the torpedo had no special 
“Péature except a streamlined head, Fiwne tail and comparatively thin pro- 
peller blades. The torpedo was tested in the dynamometer and in the sea. 


The conclusion reached was that the short elliptical head wag not suitable 
for high-speed and that the streamlined form was very important for maine 
taining propeller efficiency. It was explained that the propellers them 
selves did not cavitete. but that a poor torpedo form prevented water from 
reaching the blades. The Italian streamlined form ag shown in Figure 132 
was adopted. 


Speeds up to 52 knots were obtained with both Type 93 and Type 95. It was 


also: stated that by the. use of this head it was possible to obtain 50 knots 
with an engine output corresponding to 48 knots with the standard head. 
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The results of the tests were used in the design of the turbine torpedo 
and a speed of 60 knots was ‘stated to have been reached with comparative 
ease. Z 
Commander HORI was of the opinion that the efficiency of the propeller of 
the turbine torpedo was slightly less than that of Type 93 but that the 
bigger jet reaction of the former compensated for this loss. In view of 
the lew velocity of the exhaust steam this is doubtful. 


He was further of the opinion that speed increase would continue up to 
about 65 knots without serious decrease in propeller efficiency. As re- 
gards initial heel this could be prevented by:- 
; Decrease in the pitch of the rear propeller 
-Increase in blade area of the rear propeller 


The amount of the decrease is about 5% in the case of the high-speed tor- 
pedo such as tha turbine torpedo F3, 


Experiments were carried out by torpedo tests only, and the results were 
deduced from measurement of speed, consumption, and the recorder results. 


Commander HORI is of the opinion that fundamental data must be obtained in 
the model tank with contra-rotating propellers, 


Design of Standard Propellers 


The design of the standard propellers was Obtained by the measurement of 
- & pair of propellers from a Type 93 torpedo. 


P, the pitch can be obtained from the formula: 
P =-b or P =2 732 b 
a 


z a a 
Where r 


= radius of the blade at the section under consideration 
a —_ 


projection of the blade section along the axis of the tor~ 
pedo 
b = projection length of the blade 
Four sections were taken for each propeller. 
Forward propeller 


Section A 
1.140 meters 


Section B 


1.240 meters 


Section Cc 


= 220mm (0.76 R) 
= 124mm) - ’ 
122mm) 


1.360 meters 
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Section D 


r 270mm ) 
a 131mm ) 1.490 meters 
b 116.5mm) : . 


After Propellers’ 
Section A 


1.060 meters 
Section B 
1.190 meters 


Section C 


189mm (0.7 R) 
Lilm ) 1.300 meters 
12imn ) ; 


Section D 


235mm) 
130mn : Pitch 1.380 meters 
122mm 


From the results the distribution of the pitch has been drawn. It will 
be seen that. it increases from 1.020 meters at root to 1.540 at the tip 
and is the same for both propellers. Figures 65-66 give the full details. 


Material. 
The propellers are made of steel having the undernoted composition: 


Carbon : 0.3 = 04% 
Silicon <0.3 
Manganese : <0.7 
Phosphorus <0.045 
Sulphur <0.040 
Brinnel hardness after 

quenching in water 180 + 20 
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FIGURE 66 
AFTER PROPELLER. TYPE 93 





CONFIDENTIAL 


AIK COMPRESSOR 


SODA PRIERS 


FRESH SODA. soba 
SOLUTION SOLUTION 


DRAIN 
—_— 


ELECTRIC HEATER 
(FoR “HEAT SWEEPING”) 


NITROGEN 


WASTE 
HEAT EXCHANGER AND 


DISTILLATION COL@MN 


Low PRESSURE fae 
OXYGEN TANK 


b—e_| 
Gye k ieee 

) COMPRESSOR 
. QO 


ea} 
iS 


| re __ SODA DRIERS 
oe, cl 


OXYGEN 


BOTTLES| : 
eure TeRhe nd 


FIGURE 67 
OXYGEN FLOW DIAGRAM 
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FIGURE 68 


ATR COMPRESSOR, KAMPON 2 TYPE, LAND OXYGEN PLANT 


FIGURE 69 


CAREON DIOXIDE ABSORPTION TOWER 
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iA, 


Water cooling is carried out petween each stage. The cooling water is cooled 
in a large concrets tank after use, and then reused. 


C02 Absorption 


This is carried out in 4 tower filled with an aqueous solution of caustic soda; 
concentration 18 - 20 Be. (See Figure 69). " 


at exch er_and rectification colum 


He ang 


_ These units are shown in Figure 70. The heat exchanger is made of copper, 


4{nsulated with slag wool and encased with mild steel plate. A presooling valve 
4g fitted to the lower part of the exchanger. 


“The rectification column is made of copper and is divided into three main parts, 


lower column, condenser and upper column. The lower column is packed with, 
Raschig rings and 4s separated from the upper column by the condenser. The 
upper colum contains 42 plates designed on the "pubble plate" system. 


Operation 


The cooled compressed air from the heat exchanger passes through a coil at 
the bottom of the lower column, (evaporator) and then is allowed to expand 
into the middle of the lower column, where it cools and liquefies. 


The more volatile nitrogen distillis +o the top of the lower column where it 
4s.condensed to a liquid. The oxygen and some nitrogen pass: to the bottom 
of the column forming uid mixture containing about 50% oxygen. This 
Liquid is continually heated and evaporated by the compressed air from the 
heat exchanger which passes through the evaporator. 


‘A pipe. leads from the bottom of the lowe 
upper colum. By the existi 
liquid “air" (50% 02) to the 
tionated, and nitrogen (with a few percent o 
> column. Pure oxygen collects in 
(in the condenser tubes) and serves as condensing flu 
- nitrogen in the top of the lower column. 


Increased reflux for the upper column 4s supplied by a pipe which conveys 
Liquid. nitrogen (by the existing pressure aifference) from the lower 
column to the top. of the upper column. 


When in full operation, oxygen (99% purity) is drawn form the top of the 
condenser, and nitrogen (with 3% oxygen) is passed from the top of the 
upper column. 


Oxygen Compressor (See Figure 71) 
KAMPON Model 4 
“Blectric motor _ 70 bp,"V" belt drive, 50Q RPM» 
Highest working pressure 300 ke/om2; 4.260 1bs/in 
Gapacity {oxygen at 
300 ke/em*) 360 liters/hour; 12.7 ft3/br. 
The operation of this type of oxygen , plant presents little difficulty. 


The results of an experimental run made on 28 December 1945 with a plent 
of this type installed at KABURAZAKI, near KURE, igs shown on page 179 


Sampling tubes are provided for taking samples of oxygen, waste nitrogen, 
liquid air and Liquid oxygen. 
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Oxygen 


This is absorbed in a Hempel gas absorption bulb using the following 
absorbing solution: 


Ammonium. carbonate 500gm 
Ammonia solution (sp. gr. 0.88) 1000cc 
With water, make volume up to 2000ce 


The absorption bulb is packed with copper wire which absorbs oxygen in the 
presence of the above solution giving the deep blue color of the copper 
complex Cu(NH3)4. About three minutes are required to complete the ab- 
sorption. 


Acetylene 


It 1s very inportant that the site of the plant should be as far away 48 
possible from welding operations or other sources of acetylene. The pre- 
sence of the latéer in the plant may result in explosions, particularly 
if copper acetylide should be formed with the wall of the cclumn. 


Tlosvay's reagent is used for the detection of acetylene. 


A.  Grystalline sopper nitrate 2am 
20% ammonia solution 80 
Water 100cce 


B. Hydroxylamine hydrochloride 6gm 


The presence of acetylene is detected by the development of a pink color 
on the mixing of reagents A and B and bubbling the cxygen through the 
mixture. ; 


Ship Plant 


The main features of the ship's oxygen plants are their compactness, and 
relative lightness. On the other hand, the rectification column being 
gmail, it is necessarily less efficient than the land plant, and the com- 
pressors, which have a high rate of revolutions, are more subject to break- 
down. 


No attempt has been made in the design to maintain the column in a vertical 
position, and by this means to render the oxygen preduction independent af 
the roll ef the ship. In the plate design, attempts have been made to 
keep the bubble holes in the plates covered with liquid, when the ship 
pitenes or rolls. This is only successful when the departure of the 
column from the vertical is of the order of a few degrees. 


Free oxygen jig manufactured in two plants of capacities 30 n3/hr 

(1060 ft2/hr) and 15 m3/hr (530 ft3/nr) of free oxygen respectively. The 
former is used aboard cruisers and aireraft carriers, the latter aboard 
destroyers. The differences between these two plants are mainly dimen~ 
sional, and in the following, the 30 m /nr capscity plant will be dis- 
cussed. 


One of these plants was inspected aboard the aircraft carrier KATSURAGI, 
(completed 1943). The plant was installed in two adjacent rooms, five 
decks below the flight deck and about 100 feet from the bow. The apprexi- 
mate dimensions and contents of the two rooms were: 


I. (a) Dimensions 
Deck area 18' x 13' 
EKeight 7 
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Contents 
Two air compressors with motors 
C02 absorption tower 
Fresh soda reservoir 
Air filters 
Compressed air storage bottles 
Soda driers 


Dimensions 
Deck area 18" x 13° 
Height 7? 


Contents 
Heat exchanger and rectifying column 
Soda driers 
Electric heater for heat sweeping 
Low pressure oxygen storage tank 
Compressed oxygen storage bottles 
Oxygen compressor with motor 


The flow sheet for this type of plant is shown in Figure 72 (a)(b)(c). 


Heat Exchanger and Rectification Column 


These are combined in one outer case of mild steel plate and are insul- 
ated with slag wool. (See Figure 73). See Figure 74 for C02 absorption 
tower. 


Heat Exchanger 


This unit is about six feet in height and is of copper construction. See 
Figure 75 for details. i 


Column 


The upper and lower column casings are made of copper and the condenser 
casing is made of brass. There are nine plates in the lower column (stated 
to be equivalent to five theoretical plates), and 25 plates in the upper! 
column (stated to be equivalent to 20 theoretical plates). These plates 
consist of flat brass discs which have been perforated with a large number 
of 0.9mm holes. The surface of each plate is divided into sections by 
copper partitions 9mm high. In the lower column these partitions run at 
right angles to each other and divide the surface of a plate into about 

40 sections. (See Item B of Figure 76). %In the upper column the parti- 
tions have a wavy form and they divide the surface into about 400 sections. 
(See Item B of Figure 77). : 


By this design, the plate surfaces remain covered with refluxing Liquid 
even when the column is not exactly vertical. 


fo obtain increased contact between the ascending gas and the reflux, each 
plate is covered with a corrugated brass plate which has been stamped with 
a large number of slotted holes. (See Items A of Figures 76-77). 


he reflux can flow from one plate to the next by means of four connecting 
copper pipes which run from each:plate to the one below. 


At the top of the column, above the liquid nitrogen reflux inlet, about 
6,000 brass Raschig rings are packed. 


Figure 78 shows a plan view of the evaporator located in the bottom of the 
lower column. 
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FIGURE 
HEAT EXCHANGER AND COLUMN 


FIGURE 7% 
CARBON DIOXIDE ARSORPTTON TONER 
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FIGURE 77 
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FIGURE. 78 
EVAPORATOR 


_A general view of the rectifying colum is shown in Figure 79. 


In oxygen plants designed for cruisers, it is usual to use a KAMPON 
Model 3 air compressor and a KAMPON Model 2 oxygen compressor. 


These compressors were manufactured to Navy specifications by: 


(1) Kobe Seiko Co., KOBE 
(2) Mitsui Seiki Co., TOKYO 
(3) Yokosuke Dockyard 


Both of these compressors are five-stage, with sea water cooling between 
each stage. Power is supplied by an electric motor directly coupled to 
the compressor shaft. Details are given below. 


Air Compressor 


KAMPON Model 3. (See Figure 80). 

Used. by cruisers and aircraft carriers. 

Volumetric efficiency 85% 

Highest working. pressure 300 kg/cm? (4200 1bs/in) 

Capacity (air at. 300 kg/om?) 700 liters/hr (24.7 ft/hr) 
‘ 5 


Number of stages 5 
Stroke of piston: 120mm (4.73 in) 
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' Cylinders 























: Diameter Working Hydraulic Safety load of 
i of eylinder pressure test pressure relief valve 










(mm) | (4m) 
268 142 





4 
13 
42 

445 





Cooling Tubes — : 


All are made of copper. 


Diameters. : Cooling sur- 
pipe i face area 
metres| feet 


1.42 1.65 52.0 114827 
1.42 1.65 

1.10 1.34 

(0.42 1.02, 

0.39 


Cooling Water Pump. 


Double-acting, reciprocating, sea water pump 
Capacity oe : 382 Litfmin (13.5 ft3/min 
Working pressure 1 kg/omé (14.2 lbs/in*) 
Test pressure wo 3 kg/om* (42.6 1bs/in@) 
Diameter of feed pipe (1) internal 36mm (1.42 in) 

: (2) external . 42mm (1.65 in) 





Electric Motor 


Horsepower 95 
RPM ‘ 500 
Volts ; é _ 220 
Amperes 360 


Both DC and AC motors are used. 
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Weights - 


oe tons 
KAMPON 3 air compressors 5s o7 
Accessories ’ 910 0.91 
Motor 1485 1.48 
. Aecessories 138 OQ. 
Total sie e 
When a DC motor is used the total weight of plant is increased by about 
one-half ton. 


-On the next page are shown the data of a test on a KAMPON 3 air com- 
pressor. This test was carried out on land and therefore a high voltage 
motor was used. 


‘Oxygen Compressor 


KAMPCN Model 2 (See Figure 81). 

Used by cruisers and aircraft carriers. 

Volumetric eificiency 

Highest working pressure 300, kg/om? (4260 ashi) 

Capacity (L} free oxygen 3/ar (1378 ft3/nr : 
(2) oxygen at 300 kg/om2 330 14t/ar (406 ft2/nr) 


Number of stages 3 
Stroke of piston a 19mm (0.75 in) 
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Cylinder Details 


All the stages are Single-acting. 


ee en 
Diameter of Safety load 
cylinder 8s relief valve 


29.8 


Cooling Tubes 


All are made of copper, 
Hydraulic 
test 


30 1.18] 34 2 
20 0.791 26 j 
10 0.39} 14 

6 0.24] 12 

4 0.16] 12 


Cooling Water Pump 


Double-~acting, reciprocating, sea wator pump. 


Capacity 55 litezs/min (1.9 Pt? (min) 


Working pressure. . (14.2 ibs/in2 
Tested pressure k (71.0 1bs/in2) 
Diameter of feed Pipe (1) internal 20mm (0.79 in) 

q (2) external . 26mm (1.02 in) 


Electric Motor. 
——2CUric Motor 


Horsepower 
RPM 


Yolts 
Amperes 


General 


It will be Seen that the purity of Oxygen ra 
departs from the vertical, About 5° is the 
put of oxygen may have to b 

should not 


to left or right may be due to 
ux liquid Tunning along the corrugations on the slotted Plate, 
leaving part of the plate uncovered. ‘The Column is so Placed on 


194 





480% przoqs7yg 

Yous toy Moy R 
of STSUY crurpcNR 
*B00g ST UOT yD 
“TEFOSO JO poyiny 


uoy ET TFOSO 











ot WATE 
ot WSTE 








of 17 
ee 
of 301 


of PAVsypotg 


oT paenoRg 





uoTyeULToUl 








of PACMIOT 
ot PlEMIOg 








eyes Supumy Toopdsy, 











ualing snosse9 











TeoTqaen 


ue8txp pybTT 
TRY PHNoyT 
eatea, Uotsuedsg usdo 


i 

















0 
o 
0 
0 
0 
o 
0 
io 





a 





wes 


(Aesuapuos 42) ; 
T 





iF 
PENDPL 


(aqseum) 


usd014tN snoosep 


BATCA “OTS 
-uedxe duppoove1g 


@ATRA LOTS 

AATRA UoTS , 

aaTeA UOTS 
emisseid ySTH 


j-uedxe ust013TN pynb: 





Ite pTNoTT 





uadAxQ PyNoTT 
uumpoo dursyE 
=qoat (puz) steddq 
IPE posseaduog 
aye pesseiducg 


—-ueaxe ITe 





~ UMMTOD FuTATE 


aFY pesseaduop 
(aesuepuos 4°) 
uod0agTh prbTy 
(z0ye10deae 72) 
uedéxQ. snoeseD 
-7at- (4ST) Jenoy 





qT NO szeFZueyoxs | 
qeoy sed oyseyy 


usZ013TN snoese) 
uaz4éxg snoesup 











ASTUT JeSueyoxe yeoy 


qeTINO JoBucyoxe yoy 


sued 




















uUM{TOD JO uoTzTEEg 


| 





(sooavap) 
ode qeusny/eat 0 (99) (auntar $) @ATEA 
sed pue ope emyeaaduay, Praory pue uofpsuedxe jo (e3ne2 10/9) 
JO GamToA sed so £qtmy Sutuedo yo aaaeq ams$ear 





CONFIDENTIAL 





CONFIDENTIAL 


‘board ship that the controls on the front face the side of the snip and 
the corrugations in the plates run fore and aft. 


Weight of Marine Type Oxygen Plant (Capacity 30 cubic meters of free 
oxygen per hour} “ 


Parts Weight (kg) Remarks 


COo Gas absorber 1,300 With Na0H solution 
NaOH solution fsed pump 3 
Fresh NaOH solution vessel 100 Withous NaOH solution 
Water separator 
Drying battery — ; With NaOH lumps 
Column & heat excnanger 
Heater for sweeping With water 
Oxygen gas holder 
Air compressor 
Oxygen compressor 
(With moter & water separator) 2,000 (approx) 
Weight of pipes etc. 500 (approx) 
Total Weight (ke) 13,403 (approx) 
> “or about 13 tons 


Figures 82-98 give additional information on components of the oxygen plant. 


' Notes on Destroyer Plant 


The only special feature of the.oxygen plant for destroyers is the air 
compressor. The other units of the plant differ only in dimensions from 
the corresponding units of the cruiser plant. 


Aix Compressor 


From about 1935 to 1938 a.W8 (similar to KAMPON) five-stage air compressor, 
steam-driven, was used on destroyers. After 1938, however, a German 
designed four-stage Junker compressor was installed. This compressor was 
diesel-driven and was light and compact. 


Overall. Dimensions . - 

Length ~ p 2150mn 

Diameter , ; 335mm 

Length of 1st ‘stage water cooler : 2000ma 

Diameter of lst stage water cooler 150mm 

Length of 2nd, 3rd, 4th, stage cooler 1700nm 

Diameter of 2nd, 3rd, 4th, stage cooler 105mm (4.1 in) 
Weight . : 800 kg (1760 lbs) 
RPM 900 


Capacity 


Highest working pressure 300 kg/om2 (4260 1bs/in?) 
Normal working pressure 200 kg/cm (2840. lbs/in*) 
Output (at. 300 kg/om2) 360 liters/hr (12.7 rt3/hr) 
Normal pressure in each stage (kg/om@) 


ist stage end _ stage rd_stage 4th stage 
a ate 200 
Fuel consumption . 9 liters/hr (0.32 ft3/nhr) 


Construction 


The compressor casing is a bronze casting. One water jacket is usea ror 
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cooling between the first and second stages. A second water jacket is 
used for cooling between the second, third and fourth stages and after the 
fourth stage. 


e 
On the front side is the fuel injection pump; on the back side are the 
cooling water pump and the lubricating oil pump. 


General 


Normally three Junker compressors are installed in destroyers. One is 
used for the operation of the oxygen plant. 


Due: to the high: pressure working of the Junker compressor, as used by the 
Japanese, frequent breakdown occurs. The following troubles have been 
experienced 


(1) Fracture of engine piston 

(2) Burning of first piston ring on engine piston 

(3) overe.wece in fourth stage cylinder and fracture of piston 
rings i. 

(4) Fuel pump and injector gave considerable trouble due te poor 
material used in manufacture. Only recently have the 
Japanese succeeded in manufacturing a fairly reliable pump 
to the German design. 


Weights 
The approximate weights of oxygen plant for destroyers are shown below: 


Junker compressor 800 kg (1760 aoe 
CO2 absorption tower 800 Ice {1760 lbs 
Drying battery 500 ke (1100 lbs) 
Heat exchanger and column 1500 kg (3300 lbs) 
Heater, water separators etc. 300 kg { 660 lbs) 
Piping. etc; 500 ke (1100 the} 
Oxygen compressor (KAMPON 5) 1000 kg (2200 lbs 


Total 54.00 kg (11,880 lbs) or 
approximately 5% tons. 
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WHITE METAL 


FORGED STEE! 


FIGURE 91° 
A.C. KAHPON 3, PACKING GLAND. MEDIUM PRESSURE 





——_ 


— 
Vee 


7 


Ll 


Ae 


FIGURE 92. 
4.C. RAHPON 3. PACKING GLAND. KIGH PRESSURE 
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FIGURB 94 : 
A.C. RAMPON 3, COMBINED VALVES, SRD STAGE 
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(4th) 
(5th) 
(Sth) 


HIGH TENSILE STEEL 
COPPER WASHER 


180.5mm2 (4th) 


70.7 " 


TOTAL AREA OUTLET 


i. 153.9mm2. 
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RANGING 


JAPANESE EQUIPMENT — 


For the ranging of a Type $5, Model 2 torpedo, prior to and during the war, the 
Japanese normally used the following equipment: 


3 shallow draft open boats, motor-driven 
2. high-speed moter launches 
1 steam-driven torpedo carrier 

3 “acoustic” sets 

3 target buoys. 

5 radio sets (transmitters and receivers) 
Signal flags . 

Stop watches 


Speed. 


The: three target buoys were positioned along:the range at distances of 
1000, 3000 and. 5000 meters respectively. The three shallow draft observa- 
tion boats were moored to each of these buoys. Each was equipped with 
acoustic gear consisting of.a battery of seven (sometimes 14) microphones. 
fitted on a horizontal: frame which was submerged to a depth of about 10 
feet, and placed parallel to the course. The microphones were connected 
to a set of earphones ‘in the boat and to a Wheststone Bridge arrangement 
with galvanometer. The earphones warned the observer of the torpedo's 
approach, and the galvanometer needle showed him when the intensity or the 
signel at. each: microplione gave a balance. At that instant the torpedo was 
passing the target buoy, and the observer dropped a signal flag. A watch 
reading was taken at the firing point. 


The same procedure took place at each of the other target buoys. Thus the 
times for the torpedo to travel 0 to 1000, 1000 to 3000, and 3000 to 5000 
- meters as well. as the!time to travel the whole 5000 meters were measured. 
' These times were noted by reading from the watch at each signal; the watch 
was finally stopped when the torpedo surfaced after its over-run. 


Deflection 


The deflection was measured by a large pair of binocularg placed on a 
fixed stand at the firing point. The angle of each torpedo track relative 
to the true course could be measured by the deflection of these binoculars. 


Of the two high-speed) launches, one remained, at the firing point and was 
only used in the event of a faulty run, extreme. deflection or sudden sink- 
ing near firing point. The other launch remained near the end of the 
range to pick up the torpedo after the run and to pass it to the torpedo 
carrier. This latter: launch was also used to keep the course free from 

' stray craft. : ; 


Two radio communications sets were installed at the firing point and also 
in the torpedo carrier and in each of the launches. These radios were 
used for general. inter-communications. 


_At the end of each run the torpedo carrier picked up the torpedo and 
hoisted it aboard.. The torpedo was picked up with floats as described in 
the ranging section, or by slipping a thin steel band over the torpedo and 
- yaising it directly with the hoist hooked to.this band. 
Tides . 


The tide flow was measured by each of the boats moored at the target buoys. 
OA float with. lead ballast was thrown into the sea and a wire attached to 
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it. was payed out, as the float drifted with the tide, The time to drift 
a known distance wag measured. 


PREP, 


The workmen engaged on this task wear Tubber boots and rubber aprons 
metimes’ rubber 8loves} provided exclusively for their use, If gloves 
are not worn, ‘the hands- must be kept. free from oil. 


Oxygen Vessel and related COMpPoucuts 


Valves, 


(a) ‘Remove chargiug valve, Charging Stop valve (including 
‘Copper connecting Pipe) and the oxygen delivery Stop valve, 


(>) Wash with kerosene, 
(ce) Dry with dry compressed air. 


(4) Wash with hot (circa 100°C) 30% Solution of Caustic soda to 
remove last trace of kerosene, 


(e) Wash with hot (almost boiling) water to remove soda. 


(f) Dry with Compressed air, 


These. components are then Protected from contamination with a 
Clean Sloth or paper in readiness for final assembly, 


Oxygen feed pipe and interior of vessel 


. (a) Pour: kerosene in both directioas from oxygen delivery Stop 
; Valve towa "group", washing out the 
: ", Where RECEessary, 
sel with emery 


> 


must be removed), 

?inally with fresh 

om the feed Pipe 
and vess mm Contamination, 


Dry: with dry compressed air. 


Remove last traces of hydrocarbon by washing with hot 30% 
Solution of Caustic soda, is solution is poured from 
the: oxygen delivery Stop valy the oxyzen feed pine 


© along x 
‘towards the vessel and the group Valve. The Procedure is 
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repeated several times, 


(a) Wash Several times with hot water until the outside of the 
tine hot to the hand. (This will insure rapid 


drying). 
(6) Dry with dry compressed air, 


The outer shell, in the Vicinity of the Charging valve, the charging 
and the oxygen delivery Stop valve is also cleaneg as 


Vessel eng and séuli asket 
(a} As above, this is cleaned with kerosene, caustic soda and 
, bot water. 


(b) Dry with dry compressed. air, 


(e) bling the end of the vessel, the Cadmium-plate 
. Copper Sealing gasket is washed with carbon tetrachloride 
and. painted with water lass (sodium Silicate) to make seal, 


. on tetra-~ 
soda and wa 


Charging 


Close oxygen delivery Stop valve and securs 
the charging valve. Open the char, ing stop 
the pressure to increase to 210 ke / om (3130 1bs/in2) , 
ti ; hour The oxygen vessel ig 
1 The pressure of oxygen is measured g 
€ about 200 kg/em2 (28), lbs/in®) , 
i if the Pressure has dro 
» the torpedo usually will 


‘Once charged, the oxygen vessel ig never Cleaned internally again, 
unless the pressure of the oxygen should at any time fall to zero. 


Fuel vessel 
= W7essei 


Glean the fuel non-return Valve and Strainer with kerosene, (If tor- 
pedo is rade to be run for first time, the vessel is washed Out with 
kerosene), 
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. Group valve 
, Strip. Cleen with kerosene, hot caustic soda solution and hot water. 


Dry. Assemble, 


-Main reducer . 


Strip. Clean with hot caustic soda solution and hot water; no 
kerosene is used. Thinly coat the plunger with lubricant. Assemble. 
If torpedo has come directly from »torage, kerosene is used first to 
remove preservative. 


Generator 


‘Glean inside and outside with kerosene, hot caustic soda solution 


aud water. It is important to remove dust from the inside of the 


unit. Compressed air is biown through the nozzles. 


‘Main engine 


General overhaul. Strip. Clean components with kerosene. Lubri- 
cate and reassemble. 


Buffer chamber 


Strip, clean and assemble. 


Oil, diluent water and cooling water pumps 


Strip, overhaul, assemble. 


i s 
The following units also are stripped, overhauled, and assembled: 


Depth gear 
Servomotor 
ere steering engine 


Rear Buoyancy chamber 


Remove starting valve for steering air, relief valve and strainer. 
Clean with kerosene, overhaul and assembie. 


' Piping 


All piping which conveys oxygen gas must be carefully cleaned with 
caustic soda solution and hot water before assembling. 


FUNCTIONAL TESTS 


Oxygen delivery stop valve 


The gear for automatically opening this valve is assembled without 
the final bevel wheel on the valve spindle. The engine is slowly 
rotated with low pressure (60 kg/om®; 853 lbs/in) compressed air, 
and ‘the movement of the gear is noted. 


Afterbody circuit 


‘A compressed air supply is connected to the group valve, and a pres- 


sure of 60 kg/om* (853 lbs/in2) “is applied. The pipe unions in the 
afterbody gas circuit are smeared with oil and any leakage from the 
joints can be detected. During this test the propellers are locked. 
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With compressed air still connected to the group valve, as in the 
previous test, the ignition delay is set. The hammers are cocked and 
Tange setting wheel is adjusted to the minimum figure. The propeller 
Clamp is now removed and the engine rotates slowly. 


The fall of the igniters is checked and also the shutting off of the 
oxygen supply at the end of the set range. 


Mein reducer 

The main reducer is connected to the generator, the outlet from the 
latter being fitted with a choke which sets up a back pressure 
equivalent to that occurring during a torpedo run. The diameter of 
this choke is varied according to the type of reducer which is being 
tested. For example: - 


Torpedo type Speed _ setting Diameter of choke 
93 | high 8mm (0.313 in) 
low 7mm (0.276 in) 
29 high oF 5.5mm (0.215 in) 
low 5.5mm (0.215 in) 


Compressed air at 200 keg/en* is fed into the reducer from standard | 
250 liter (8.8 ft3) capacity bottles. The number of bottles used is 
such that their total Capacity approximates or is greater than that 
of the oxygen vessel of the torpedo, the reducer of which is under 
test. Thus: 


' 


Torpedo type Volume ot een Number of bottles used 


vesse for reducer test 
Liters rt3 
93 Model 1 980 34.6 
93 Model 3 750 - 26.5 
95 Modification 1 386 13.6 
95 Model 2 220 78 


By means of special caps on the reducer, the pressures of the air in 
_ the first and second stages are measured, The pressure of the supply 
is-also measured. A continuous pressure recorder makes a tracing of 
each pressure. Ideally, the tracings should show a Steady decrease 
in pressure of the supply; a less steep falling off of pressure in 
‘the first stage, and a horizontal tracing showing constant pressure 
in the second stage. In practice, with a good reducer, the second 
stage tracing, for the greater part is horizontal but generally shows 
‘a slight rise towards the end of the test, due to spring character- 
istics, final tail-off. Reducer test curves are shown in Figure 99. 


If the curve of the second Stage pressure slopes up or down, the area 
of the valve seat. is altered. This is done in on of two ways. 
Either the path through which the gas has to pass is shortened by 
removing part of the shoulder of the seat, or the angle of the valve 
seat is slightly altered so that the contact area between the valve 
and the valve seat is reduced. 


If the curve is irregular, the plunger is lapped into the barrel and 
the valve and seat are ground together. The difficulty of this 
latter operation is caused by any departure of the plunger hole from 
the cylindrical. In the case of an oval hole, the barrel is lapped 
cylindrical by means of a standard lap and an oversize plunger is 
fitted, : : 


220 





a tte 


HEATED 
PTT Reaches TIT 

Pr Se 
tH CO TTT TT 
Pr eRe CECE Hi 
Re 
tn Pe 
CET PCE PT Ht 


ee rT 
Tr SI 


N2 1137 2-4-1944 





7.0 370 37) 371 372 373 374 383 365 3o 





READINGS 
£00 180 160 140 120 100 80 60 50 40 


FIGURE 99 
VES, TYPE 95 HODIFICATION 1 


Ine 353 354 355 356 35.7 361 372 340 290 











3 

















CE 


zi 
8 
= 
19 
a 
DS 
jo 


ESSURE 
STAGE OF REDUCER 78 77 77 7% 75 10 69 51 40 31 
SLIDING VALVE . 
REDUCER TES? CUR 


43T STAGE 
st 
ND 


SLIDING VALY 
ORIGN PR 
e 


* CONFIDENTIAL 





CONFIDENTIAL 


Generator ey 


Two tests are carried out: 


(a) 


Using a pressure of 1 kg/cm2 (14.2 lbs/in®) water is red 
to the nozzle for a period of two minutes, During this 
period, the nozzle Setting for each speed is used and the 
delivery is measured by volume, 
2 . : .. Vol. ratio 
Delivery rate for Type 95) Fuel nozzle 4*0.05 liters (2423.3 in3) 
(high speed) Water nozzle 3510.1 liters (2140 6.1 in3 ) 8.7 


_ If the deliveries do not fall within these limits, new 
nozzles are fitted or holes reamed as required, 


Flame test: For this test only the combustion nozzle is 
required, The purpose of the test is to determine the 
‘ position of the fuel Sprayer which gives the optimum shape 
and dimensions of the flame. The test is described in 
detail in the section dealing with generator design. 


Main engine 


After the overhaul, cleaning, checking and the reassembling of the 
engine the following tests are made: 


(a) The combustion manifold of the engine is connected to 4 
compressed air supply and a pressure of 40 kg/cm2 (5608 
lbs/in*) is appliéd. The propellers are locked in tyo po- 
Sitions in turn, first in one position and then turneg 
through 180° and locked again. This test will reveal 
leakages which may occur in the cylinder heads, 


(b) The exhaust shart is blanked off with a disc of oiled paper 
and a pressure of about 0.5 ke/em2 (7.1 lbs/in*) is applied 
to the rear buoyancy chamber, Leakage between the latter 
and the crankcase will be indicated by the oiled paper dise, 


Buffer chamber 


The following tests are made on.this chamber: 


(a) Discharging time: ‘The chamber is filled with water and all 
holes are blanked except the outlet to the @enoerator., an 
air pressure of & kg/em? (114 lbs/in*) is applied to the 
Oxygen nipple on the top of the Chamber. The water in the 
Chamber under. this pressure should be dischar-ed through 
the generator supply vent in five seconds. 


Discharging pressure: The generator Supply vent is closed 
with.a pressure gauge. All other holes are blanked off. 
The chamber is filled with water and an air line is con- 
nected to the oxysen nipple at the top of tie chamber. The 
air pressure is Slowly increased and weter Should discharge 
through the Tegulating Valve under a Pressure of about 2.7 
kg/em* (38.4 lbs/in2) recorded by pressure guuge. Tf the 
pressure required for discharge is sreater than this value 
the spring on the regulating vulve is adjusted or replaced. 
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(c) Piston clearance: Water at 40 kg/em® (568 1bs/in<) is fea 
to-the oxygen nipple above the regulating valve. The leak- 
age of water past the valve should be from 60 = 300cc . 
(3.66 - 18.3 in3) in two minutes. Usually the rigure is in 
the region of 120ce (7.32 in3). 


Non-return valve of buffer Chamber: This valve is tested 
for leakage by rotating the engine with the buifer chamber 
Filled with water. In practice, if this valve should leak, 
water will be introduced into the oxygen line and hence i 
into generator, where it will seriously affect combustion 
at the start of the run. This test is made after the 
buffer chamber has been connected in the torpedo circuit, 
and, for the purpose of the test, the oxygen feed line to 
the. chamber is broken, 


Oil distributor 


Oil at a pressure of 5 kg/em? (71 lbs/in*) is supplied to the dis- 
tributor and it is ascertained whether each distributing point dis- 
charges oil. (See Figure 100). The distributor is rotated at 100 
-revolutions per minute. 


Engine cooling pump 


- The testing apparatus is shown in Figure 100. The -water dischargs 
is measured and should be five liters (0.18 ft3) per 100 revolutions 
of the engine.(i.e. 100 revolutions of pump). 


Diluent water pump (to buffer chamber) and oil pump 


The engine is rotated at avout 200 revolutions per minute with com- 

pressed air. (See Figure 100}. -Two chokes in the oil and water 

delivery side of the pump approximate to a back pressure of 5 ke/eme 
_ (71 lbs/in2), 


Deliveries should be: 


. Volume . Engine revs Pump revs 
Water 6.0 liters (490 in3) LOO 50 


‘Oil (08 Liters (49 in3) 100 50 


Depth gear and servomotor 


The depth gear is adjusted and calibrated as follows: 


(a) A bent wire is attached to the inner crank lever of the 
depth gear and arranged to move over a scale attached to 
- the stand. The weight alone is swung and should complete 
Six oscillation before coming to rest. 


A load equal to five meters (16.5 ft) depth is applied by 

a lever to the hydrostatic valve, This deflects the weicht. 
The. spring is now given a compression equal to five meters 
(16.5 ft) and the weight should return to zero. 


With the loads on, the inclination test is next applied. 
Table is tipped and then returned to the level. Pointer on 
depth gear should return to within 20 minutes of origizal 
setting. 
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OIL DISTRIBUTOR TEST ® 
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(b) Adjust rudder travel in servomotor rods to give maximum 
‘travel of 5mm (0.197 in) up and 23mm (0.905 in) down. 


(c) Lock pendulum in vertical position with screw. The rudders 
should then. be horizontal. If not, adjust connection 
between depth gear and servomotor. 


(d) For inclination test, the torpedo is suspended horizontally 
and oscillated in a vertical plane about the norizontal 
lateral axis through the center of gravity. The depth gear 
should be sufficiently sensitive to operate the rudders 
when the torpedo is inclined at an angle of 30 minutes to 
the horizontal, If this is not the case the locking screw 
-in depth gear must be eased. 


The travel of the rudders up and down is noted. The limits 
are: ‘ 


5mm (0.197 in) up © 1° inclination 
23mm (0.905 in} down 3° inclination 


The horizontal position of the torpedo is determined with a 
spirit level, and the angle of inclination at which the 
rudders move is similarly measured. An angled plate gauge 
is used to measure the rudder travel. ; 


(e) fhe rudder locking gear is also checked. 
First stage (50 revs) horizontal 


Second stage (50 to 110 revs) Up 5mm (0.197 in) 
. Down 19mm (0.75 in) 


Third stage (depth controlled) sie | UP 5mm (0.197 in) 


*( Down 23mm (0.905 in) 
Gyroscope adjustments 


(a) The air circuit is tested for leakage. The turbine wheel 
is spun up by itself and a leakage test of the air connec- 
tions made. ! 


(b) For testing rudder travel and gyro sensitivity, spin up 
gyro wheel, and oscillate the torpedo in a horizontal plane 
about the vertical lateral axis through the center of 

_ gravity. The rudder movement should be 3.8mm (0.15 in) on 
. @ach side. 


Normally this test is made only on a new gyro and is car- 
ried out with a pointer from the tail shaft (bent at right 
angles toward the ground) swinging over a scale on the 
floor. 


For a routine cheeking test (e.g. Type 95, Model 2 which 
was run at DAINYU), the torpedo is oscillated for five 
minutes and the rudder movement is checked for precession. 
The Japanese always use the same gyroscope in any one tor- 
pedo. They are not interchangeable. 


Steeri air (firin circuit 


-In effect, this test determines the ability of the torpedo to start 
successfully on the steering air. 


225 





CONFIDENTIAL 


Forty revolutions are set on gearing for shutting orf steering 
air, 


igniter hammers are cocked, 


Water flap is pushed aft, 


the inlet side of the operating 
with Steering air, The number of 
ounted by observing a piece of rag tied on one blads 
of the propellers, The two igniter hammers should strike after 5 and 
10 revolutions respectively. The ozygen delivery Stop valve shoulé 
be fully open after 60 revolutions. The flap-operated Steering air 
valve should be closed after 40 revolutions, 


est as exacting as possible, ghe air used 
sure (200 kg/em?; 2344 lbs/in*) s0 thet 
he opening of the oxygen delivery stop valve 


To facilitate the opening of this valve in practice, a pilot valve is 
fitted in the main valve; it lifts slightly befor the main valve and 
partially balances the pressure, 


Afterbody/forebody assembly 


In assembling the afterbody to the forebody the following connections 
are made: 


Air lead from steering air bottles to steering air Starting valve, 
‘Air lead from steering air Starting valve to Servomotor, 

Main oxygen supply pipe to "group", 

Fuel ‘supply pipe to generator, 

Water supply pipe to fuel chamber, 

Servomotor connecting rods. 

Rudder locking gear, 

Forward end of the engine to the forebody. 


Workers engaged at DAINYU 


in the preparation of one torpedo for Yanging the workers are engaged 
as follows: 


One worker for exercise head and recorder, 

One for oxygen valves (i.e. oxygen charging valve, oxygen charg- 

. ing stop valve, oxygen delivery stop valve). 

Two for general cleaning of oxygen vessel, oxygen delivery pipe, 
and vessel end. 

.One for buffer chamber, 

One for depth gear, servomotor and disc reducer. 

One for generator. 

Ons for reducer, 

One for diluent sea water, cooling and oil pumps, 

One for SyToscope and double disc reducer, 

Three for stripping, cleaning, adjusting, and reassembling 
engine; cleaning of fuel vessel; filling with fuel, and 
lubricating oil. These three are aiso Tesponsible for the 
general assembly of the whole torpedo. 


Total number of workers engaged - 13, 


Time to complete preparation of one torpedo - 30 hours (approx). 
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ERLALS 

With a view to checking the performances which were claimed by tae 
Japanese for their °o ‘ » Sight runs were made On the torpedo 
range at DAINYU, nea ween 28 December 1945 and 29 January 1946, | 
For these ranging tests, four submarine oxygen torpedoes of Type 95, 

Model 2 were used. Owing to the destruction of 4 considerable part of 
the torpedo Yange installations in the KURE area, it was not considered 
feasible to run the Type 93 torpedo. Under the circumstances, it would 
not have been possible to make reliable measurements of the performance of 
this. torpedo which possessed such long Tange characteristics, 


Of the four torpedoes which underwent the tests, one was lost at the end 
of its first Tun; another Successfully. completed three runs; the remaining 
. two made two runs Sach, The performance data obtained from these test are 


shown in tabular form on the following pages, 


Passing conditions 


21" Type 95, Model 2 submarine torpedo 


Speed 4941 knots 

Range 5500 meters (6000 yards) 
Depth keeping 510.5 meters (l6.441.6 ¢ 
Direction Keeping +90 meters (+ 98 yards) 
(at maximum range) 


DETAILS OF DAINYU RANGE 
aw UF DAINYU RANGE 


The position of the Yange at DAINYU is shown in Figure 101, 
also, Figure 102), The installations at the range consist of 
_ darge preparation shop, two smaller ones and an inspection shop, 
. The firing point is Situated at the end of a jetty, 100 yards long, 
i In the second story of this 


ferring torpedoes 

3; two electric winches 
for loading, raising and lowering the two frames from which the tor- 
pedoes are fired (Figures 103 and 110); and a hand-operated drum OL 
which the firing cable is wound. This cable passes around pulley; 
wheels to. the frame where it is attached to a lever which, when 
pulled, raises the stop from the Tf 
Operates the starting lever, 
firing, and one Sharp half-turn of the drum fire - Thus, 
firing takes Place, from a Standing start and the water flap is not 
used, being aft when the torpedo is loaded, 


The frames can be used for 24", 21" or 1g" torpedoes by using guide 
liners to suit, 


Beneath the two frames is a depth of water of 6 fathoms ii.L.w.s. and 
the torpedoes normally are fired from a& depth of three meters (10 ft). 
The direction of firing is 135° (7), 

ACOUSTIC GEAR 

During and prior to the war, the range wag equipped with target buoys. 


Observer boats, equipped with acoustic gear and radio, were moored 
alongside these buoys. The instant at which a terpedo passed the 
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FIGURE 162 
VIEW OF DAINYU RANGES. FROM TRE SRA 


' buoy was detected by the intensity of sound in the pick-up microphone 
and a signal was flagged to the firing point, where the time of run 
was measured with stop watches. By this means the average speed over 
sections of the run, as well as the average speed over the whole run, 
could be calculated, 


At the end of the war, the acoustic gear and target buoys were de- 

stroyed; thus the normal measuring equipment, was not available for 

\ the trial runs made with Type 95, Model 2, in December 1945 and 

“s January 194.6. ion presented many difficulties which were 
overcome when USS BALTIMORE agreed to furnish equipment and personnel 

to assist in the trials. ‘ 


MEASUREMENTS AT THE TRIALS 
nS ER ALS 
EQUIPMENT 


1 400-ton tug boat (Japanese crew) 
1 aircraft ("Kingfisher") 

3°LOM'g 

1 whaleboat 

3 radio sets 

4 stop watches 

6 pairs of binoculars 
Miscellaneous Signalling equipment 


The three radio sets were fitted in the tug, aircraft, and 
firing point, respectively. Allied personnel in the tug con- 
sisted of a navigation officer, a communications officer. and 
10 men. Two stop watches were used aboard. 


At the firing point were three abservers (two Allied, one 
Japanese), a communications officer and four Signalmen. Tyo 
stop watches were used .at the firing point. 


229 





CONFIDENTIAL 


ES 


n= 
SE 
ss 
Sa 
Fa 
& 


FIGURE 104 (a) 


ENGINE OVERHAUL 











(b) 


ENGINE OVERAAUL 


FIGURE 104 
OF TORPEDOES 


FIGURE 105 


= 
S 
S 
= 
s 
_& 


CONFIDENTIAL 





CONFIDENTIAL 


TRUCK 


07 
TORPEDO ON LAUNCHING TRUCK 


Ss 
S 
ge 

Q 
ae 
es 
“es 


FIGURE 1 


TORPEDO BEING 





CONFIDENTIAL 


FIGURE 108 
TORPEDO BEING LOADED INTO FRAME 


FIGURE 109 
TORPEDO IN FRAKES 
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FIGURE 110 
FRAME BEING LOWERED 


The aircraft carr® 3d a pilot, wireless operator and, on some 
runs, a photographer. 


The whaleboat was manned by an American crew from USS BALTIMORE 
and also carried three Japanese workers who assisted in picking 
wp the torpedo at the end of the run. 


ROUTINE 


On the morning of the run, the following final checks were made 
on the torpedo which was to be ranged. (See Figure 104-110): 


in preparation shop 


Check pressure in oxygen vessel. 

Charge steering air and check pressure. 

Check quantity of fuel in the fuel vessel. 

Check water in| buffer chamber 

Check water and oil in the reducer. 

Remove drain screw plugs from valve chest; drain engine and 
replace plugs. (To drain, the propellers were given 
one turn by hand, while the plugs were out). 
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z FIGURE 111 
INSTALLATIONS AT FIRING POINT 
ON TORPEDO RANGE AT DAINYU 


(7) Cheek functioning of recorder in exercise head, 

(8) Check range and speed setting. 

(9) Check steering air shut-orf gear. 

10) Inspect starting valve in the "group". For this check, 
remove the "group" cover, and then the pilot and main 
valves. Inspect the seats and freedom of movement of 


these valves, (This is an importent check). 
(11) Check horizontal rudder locking gear. 


At firing point 


(12) Check setting of igniter hammers and insert teniters. 

(13) Open steering air stop valve and then open gyro door and 
listen for air leaks. (This test also was made on the 
previous day}. 

(14) Pour 30ce of Carbon tetrachloride into the non-return valve 
of the oxygen delivery valve. (Sometimes in subma- 
Tines tetrachloride is not used due to corrosion 
troubles which arise). 

(15) After (14), insert bevel gear wheel to operate oxygen 

: delivery stop valve. (The gear wheel is not assembled 


until immediately before loading the torpedo into the 
frame, for safety reasons), 
(16) Load torpedo into frame, 
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FIGURE 112 
TRACK. OF START OF RUN OF TORPEDO NO. 5053 
FROM FIRING POIN?. (29 JANUARY 1946) 


The check tests in the preparation shop occupied the time of 
three men for one hour. If speed is necessary the teste could 
be completed in 30 minutes, 


The operations at the firing point occupied the time of two men 
for 30 minutes, 


were relayed 
(Visual signals were 
made by the tug), 
o the tug were received in the wheel- 
house of the latter over a loud Speaker. 


Two LCM's patrolled, to the port and starboard sides of the 
Tange, to keep the danger area free from vessels. 
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FIGURE 113 
TRACK OF NO.5053 (29 JANUARY 1946) 


FIGURE 114 


| SURFACING OF NO.5053 (29 JANUARY 1948) 
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FIGURE 


116 (a) 


.NO.3737 (29. JANUARY 1946) 


TRACK OF 















PIGORE 115(b) 


TRACK OF NO 





2737 (29 JANUARY 1946) 
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About 10 minutes before firing, the frame with the torpedo was 
lowered: to the surface of the water (See Figure 110). Immedi- 
ately. before firing, the shore transmitted the following warning 
signals: ' " 

5 minutes preparation warning. 
90 seconds warning. 
30 seconds warning. 
"Stand-by". 
. FIRE. 


. In the five minute preparation warning the torpedo was lowered 
into the water to a depth of about 10 feet (depth of discharge). 

. The signal "fire" was given to the Japanese operator (who stood 
by the firing pulley) by means of an electric bell, which was 
rung by an observer on the second story of the firing point. 


Instant of firing 


This was seen by the observers at the firing point through the 
cut-away section in. the floor and two stop watches were started 
when the tail of the torpedo left the frame; at that moment, the 
communications officer looking down from the window in the 
observer's room was able to see the head (painted yellow) emerg- 
ing from the firing point and gave the radio firing signal which 
was. received by the aircraft and the tug. By this means, the 
instant of starting of the watches on the tug depended only on 
the signal from the communications officer who gave his signal 
independently of the starting of watches at the firing point. 


- The course of the torpedo was followed from the firing point 
with binoculars, and the tug was informed by radio whether the 
track was to port or starboard of the true course. Observers in 
the aircraft were able to see the torpedo running in the water. 
When the bircraft was directly above-the torpedo, a signal to 
this effect was given, and therefore the observers on the tug 
and on the firing point were kept informed of the position of 

the torpedo throughout the run. — 


TRACK © 


The tracks of the torpedoes, as seen from the firing point, were 
extremely slight. Except for the start of the run (about 50 yards), 
when some bubbles were formed by the air used in starting(Figure 112) 
‘there is: no visible gaseous discharge in the wake of the torpedo. 

The track could be detected only by the lubricating oil left in the 
‘wake. This appeared as a smooth strip upon the surface of the water, 
probably due to the surface tension effect of the oil. At a distance 
of 2000 to 3000 yards, the track could no longer be seen from the 

- firing point. It was noticed that the track was slightly more easily 
‘followed when the sun was shining. All the runs were made in good 
weather and it is thought that the track would be very difficult to 
detect under less favorable conditions. 


In no instance during the trials was the track visible to observers 
on the tug. ; i 
- From the air, the torpedo could be seen during the run and, from 
certain positions, the track could be seen. The pilot's observations, 
and, those of the Navigating Officer aboard the tug, of the run of 
vorree No. 2473 on 28 December 1945 (this torpeao was lost) are as 
OLLOWS > 
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: @ "The track of the torpedo was extremely straight. Torpedo appeared 
black during run, (yellow nose did not show under water). The tor- 

pedo left a clearly visible yellow streak which remained visible for 
‘about three minutes, (this could only be seen 20 degrees on either 
side of the vertical, probably due to refraction). From an altitude 
of 500 feet looking back along the track, an oil slick was observed 
from firing point to the point of surfacing. No exhaust appeared 
except for the above mentioned yellow streak. The plane did not 
see the torpedo itself when it broke the surface, but observed two 
Splashes. The second splash was about 150 yards further slong the 
track. However, there was neither a yellow streak nor an oil slick 
‘between the two splashes". 


Observations from the tug: 


"No track was seen. The torpedo (yellow nose) was observed to break 

the surface. It appeared to leap about a foot into the air, then 

‘disappear. There was no sign of the torpedo after it surfaced. It 

appeared to porpoise at the end of run, then sink. Plane confined 
“ pletted position of surfacing". 


"Plotted position of surfacing”: 


Latitude 34° 09' 58" 
Longitude 132° 37! 15" 


“"Track of torvedo: 133.3° (True)" 


Aerial photographs of some of the runs were taken (Figures 112-117). 
‘For these photographs, a K20 aerial camera of focal length 6-3/8 
finches was used. The altitude was 300-500 feet. 


MEASUREMENT OF RANGE 


When the torpedo broke surface at the end of the run, it normally 
‘@ived again and appeared about 20 yards further on with the head 
bobbing up and down, its nose first about six feot above the surface, 
and then setting down until two feet of the blowing head showed abovs 
water. The whaleboat proceeded to the point of surfacing as fast as 
possible and secured the torpedo. Next, the tug: arrived at the point 
and plotted the exact Position by three point bearings (using a sex- 
tant horizontally). By this means, the range run by the torpedo was 
Calculated. The tug then took the torpedo in tow, and proceeded . 
back to its former position to await the next run. This procedure. 
was repeated for each run. 


In all the runs, except the first one, 1 kilogram (2.2 lbs) of 

fluorescein was dissolved in the water with which the exercise head 
was filled. This colored a large patch of water on tne surface of 
the sea, where the torpedo surfaced. (During the war, a continuous 
leak of fluorescein from the head was sometimes used during a run to 


mark the track). ; 
PICKING UP OF TORPEDOES 


At the end of the trial the tug towed the torpedoes back to the fir- 
ing point, where they were picked up, one by one, by an LCM. When 
near the jetty, two pear-shaped iron floats (about 40" long and 18" 
diameter) joined by a three foot rope were dropped into the sea. 
The. tonpedo was towed slowly over the rope between thege floats. As 
the speed of towlug increased, the torpedo slowly became horizontal 
and the floats slipped back towards the tail where the rope caught 
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in the tail structure. The torpedo was now brought along side the 
jetty in an almost horizontal position. Two steel wire loops were 
passed around the body and the torpedo finally was raised by a crane. 
ay ee the preparation shop on a truck (running on 
rails). . 


In general, two hours elapsed after the firing of the torpedo before 
it was back again in the preparation shop, when the following proce- 
dures were carried out. 

AFTER RUNNING 


Return torpedo to the preparation shop. Close oxygen delivery stop 
valve. Pull up the starting lever and close tHe steering air stop 

valve. Check condition of the propuision system by turning the pro- 
' pellers by hand. (This also helps to remove water from the engine). 


- CONSUMPTIONS 


(1) Measure pressure of oxygen and steering air. The pressure 
of the latter is often-zero, due to leakage from the flanp- 
operated steering air starting valve during and after the 
run. wee 


(2) Measure fuel consumption. The volume of sea water in the 
- fuel chamber is drained out and measured. If some fuel 
also drains out, it is easy to dascern the line of separa- 
tion between the fuel and the water. 


(3) Measure consumption of lubricating oil. 


(4) Take the water flow meter readings and calculate the volume 
of diluent water used during the run. 


EXERCISE HEAD 


Remove the exercise head, take out the recorder and read the 
speed, depth, and rolling from the tracing. | 


Strip the discharge valve in the head and the piston of the 
hydraulic cylinder. Clean, assemble and test the functioning 

' of the blowing mechanism by raising a water bottle which is 
connected by a pipe to the hydro-dynamic valve in the nose of 
the head. As the pressure of the water. increases the function- 
ing of the blowing mechanism is noted. . 


Check the recorder. Strip, clean, and assemble, if required for 
another run. , 


FOREBODY 


‘(1) Disconnect the five pipés (oxygen, two steering air, water 
and fuel) and separate the afterbody from the forebody. 


(2) Remove depth gear. Strip, clean, assemble and adjust. 
no) Remove bevel gear wheel from the oxygen delivery stop valve 


and clean. Pour carbon tetrachloride from the non-return 
valve into the pipe to clean it. 


ENGINE ROOM ‘ 


(1) Remove the buffer chamber, servomotor and disc reducer. 
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‘Clean, assemble and adjust. 


Remove the generator, reducer, group, diluent sea water 
pump (including oil pump), and the cooling pump for engine, 
Strip, clean, assemble and test. 


If the speed obtained during the run is within the passing 
conditions, the engine is not stripped for the next run- 
ning, but the water in the cylinders is drained through 
the screw plugs of the valve chest, by hand rotating the 
propellers. If the performance is not within the passing 
conditions (or if the next run is the third run), the 
engine is stripped, cleaned, all parts checked and reas- 
sembled. . The slide valve clearances are measured and the 
valves are replaced as necessary. 


(4) Remove gyroscope from the rear buoyancy chamber. Test on 
the bench. Then strip, clean,. assemble and adjust. 


RANGING DATA SHEETS 


RANGING DATA SHEET FOR TYPE 95, MODEL 2 TORPEDO NO. 2473 


(Due to the loss of this torpedo at the end of the run, 
complete data were not ‘btainable), 


Number of Run 1 
‘Date of Run. . , - 28 December 1945 
DATA BY DIRECT MEASUREMENT : 


‘Time of Run (Seconds) 
(1) Firing Point 
No. 1 watch 

No. 2 watch 


(2) Tug 
No. 1 watch - 
No. 2 watch 


(3) Average of three watches 
Range Run 
(1) Meters 
(2) Yards 


Averages Speed 
1) Knots 
(2} Meters/second 
(3) Yards/second 


Course of Torpedo (true) 


Direction 
‘Wander left (1) meters 
(2) yards 
' Wander right(1) meters 
(2) yards 


 *Discount 
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Period of time elapsed between end 
«Of run and measurement of consump- 
tions (hours) Torpedo lost at end of run . 


Oxygen Pressures a 
Before Run . ke/omé 200 
: Lbs/ip* 2844 
After Run ke/om - 
lbs/in? © - 
, Total Drop kg/om* = 
oe - Lbs/in® - 
Oxygen Consumption : 
Pressure Drop Rate (1) kg/om*/1000m 
- (2) lbs/in*/1000 ya 


‘Steering Air Pressures 
Before Run (1) kg/cm? 
pe, (2) 1bs/in? 
After Run (1) kg/om@ 

(2) 1bs/in® 


Fuel Consumption 
- (1) Liters 
(2) Cubic Feet 


Diluent Water Consumption 
Meter Readings t1) Before Run 
(2) After Run 
Gonsumption (1) Liters 
, (2) Cubic Feet 


Lubricating O11 Consumption 
(L) Liters 
> (2) Cubic Inches 


Slide Valve Clearances 
(1) -Before Run (a) Port 
(2) After Run (6) Starboard 
(a) Port 
(b) Starboard 


_ DATA FROM RECORDER 


Speed. 
Average (knots) 
Maximum (knots) 


Tail-Off 


Depth 
Setting (1) Meters 5 
{2) Feet 16.4 
Average depth of run (1) Meters - 
2) Feet 
Initial Dive 1) Meters 
(2)- Feet 


Roll . 
GENERAL DATA 
Photographs taken 
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Weather . 
Sea Short, Choppy, white Caps. 
ib 


Wind (Beaufort) 
Sun Bright 
Clouds 4/10 
Tide | . NE, 0.06 knot 
DATA BY CALCULATION 
eth 


Water/fuel. Ratio 
(1) By Volume 
(2) By Weight 


Approx. total oxygen consumption 
(No allowance for temperature 
changes), 

_(1) kg 
(2) lbs 


Oxygen/Fuel Ratio 
By Weight - 


RANGING DATA SHEED FOR TYPE 95, MODEL 2 TORPEDO NO. 2053 
Number of Run 7 L 2 3 


Date of Run 2 Jan. 1946° 19 gan. 1946 29 Jan. 1946 | 


DATA BY DIRECT MEASUREMENT 
—— EU REMENT 


Time of Run (Seconds)! 
(L) Firing Point 

No. 1 watch 

No. 2 watch 


(2) Tug 
No. 1 watch 
No. 2 watch 


(3) Average of watches 


Range Run 
(1) Meters 


(2) Yards » 


Average Speed 
1) Knots 
(2) Meters/Secona 
(3) Yards/Secona 


Course of Torpedo {true) 


Direction 
Wander Left (1) Meters 
(2) Yards 
» Wander Right(1) Meters 
3 : (2) Yards 


*Discount 
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NUMBER OF RUN 1 3 
Period of time elapsed between 

end of run and measurement of 

consumptions (hours) 


Oxygen Pressures 2 
Before Run (1) kg/em 

(2) Lbs/in? 
After Run (1) kg/em 

(2) 1bs/in2 


Total Pressure Drop (1). ke/em®,, 
(2) lbs/in 


Oxygen Consumption 
Pressure Drop Rate 
(1) kg/em*/1000m 
(2) Ibs/in“/1000 ya 


Steering Air Pressures 
Before Run (1) kg/cm? 
(2} lbs/in@ 
After Run (1) kg/em@ 
(2) lbs/in? 


Fuel Consumption: 
(1) Liters 
(2) Kilograms 
(3) Cubic Feet 
(4) Pounds 


Diluent Water Consumption 
Meter Readings 
(1) Before Run 005518 .2 005642.0 005764.8 
(2) After Run 005636.5 005763.4 9005893.5 
Consumption 
(1) Liters 118.3 128.7 
(2) Cubic Feet 


Lubricating Oil 
(1) Liters 
(2) Cubic Inches 


Slide Valve Clearance (mm) 
(1) Before run (a) Port 
i 4 ’ (b) Starboard 
(2) After run (a) Port 
(b) Starboard 


DATA ‘FROM RECORDER 


mn 


Speed 
Average (knots) 
Maximum (knots) 


Tail-off 
Depth 


Setting (1) Meters 
(2) Feet 


*Excluding tail-orf 





CONFIDENTIAL TORPEDO NO.5053, (con't) 


NUMBER oF RUN L 
@ Average Depth of Run : 
(1) Meters 6.0 


(2) Fee 19.7 
Initial Dive 

(1) Meters 13 

(2) Feet 43 


Roll 5°p 
150p 


GENERAL DATA 
me EA 


Photographs of Run Yes 


Weather 
Sea (Small Surface chop) Calin 
Wind (Beaufort) '2 
Sun Bright 


Clouds 4/ 10 
Tide (knots) SW 0.5 


DATA BY CALCULATION 
ULATION 


Water/Fuel Ratio 
(1) By Volume 
(2} By Weight 


Total Oxygen Ccasumpticn (10° G) 
(No allowance for temperature 


) xk 
(2) lbs 


Oxygen/Fuel Ratio 
c By Weight 2.25 2.55 


RANGING Data SHEET FOR TYPR 95. MODEL, 2 TORPEDO NO, 2737 
Number of Run : i 2 


Date of Run , 19 Jan. 1946 29 Jan. 1946 


DATA BY DIRECT MEASUREMENT 
a SUREMENT 


Time of Run (Seconds) 
(1) Firing Point 
No. 1 watch 
(2) No. 2 watch 
2 
nee Ll watch 
No. 2 watch 
(3) Average of watches 


Range Run 
(1) Metera 


(2) Yards 


Average Speed 
(1) Knots 
(2) Meters/Secona 
\3) Yards/Second 


*Discount 





“TORPEDO NO.2737, (con't) 


NUIBER OF RUN 1 
_ Course of Torpedo (true) 1349 


“.. Direction 
7 Wander left (1) Meters 91 
+2 Yards 99.6 
Wander right(1) Meters -, 
(2) Yards - 


..: Period of time elapsed between 


-, 6nd’ of run and measurement of 
_ consumptions (hours) 


Oxygen Pressures 
‘Before Run (1) ke/om2 


(2) lbs/ip? 
After Run a ke/om 


2) lbs/in2 
Total D: {2} ke/ome 
Vaatceee (2) 1bs/in2 


» Oxygen Consumption 
Pressure drop gate 
(1) ke/om 41000m 


{2) lbs/in?/1000 ya 


Steering Air Pressures 
. Before Run (1) kg/om2 
{2} lbs/in# 
After Run 2 kg/om 


(2 


Fuel. Consumption 
(1) Liters 
(2) Kil 
{3) Cubic Feet 
(4) Pounds 


lbe/in2 


- Diluent Water Consumption 
Meter Readings 
(1) Before Run 000013.9 
(2) After Run 000132.7 
Consumption 
(1) Liters 118.8 
(2) Cubic Feet 


Lubricating Oil Consumption 
1) Liters 
{2) Cubic inches 


Blide Vaive Clearances (mm) 
(1) Before Run (a) Port 
(ob) Starboard 
(2) After Run (a) Port - 
s (bo) Starboard 


DATA FROM RECORDER 
LSTA 
Speed 
Average (knots) 
Maximum (knots) 


Tail-orf 


CONFIDENTIAL 
geo 
1380 


275 
301 





CONFIDENTIAL TORPEDO NO.2737,(con't) 


NUMBER oF RUN 
Depth 
Setting (1) Meters 
(2) Feet 
Average Depth of Run 
1 
2) Feet 
Initial Dive 
(1) Meters 
(2) Feet 


Roll 


GENERAL DATA 
Photographs taken 


Weather 
Sea 
Wind (Beaufort) 
Sun 


Clouds 
Tide (knots) 


DATA BY CALCULATION 
LE aEemcnecrn ay 


Water/Fuel Ratio 
By Volume 
(2) By Weight 


Approx. total oxygen consumption 
(10°C). (No allowance for temper- 
ature. changes) 

(1) 39.1 


Oxygen/Fuel Ratio 
By weight 2 oh d 


RANGING DATA SHEET FoR IZPE 95, MODEL 2 TORPEDO NO. 2725 


Number of Run 1 2 
Date of Run 19 Jan. 1946 29 Jan. 1946 


DATA BY DIRECT MEASUREMENT 
SS 


Time of Run (Seconds) 
(L) Firing Point 
No. 1 watch 
No. 2 watch 
(2) Tug 
No. 1 watch 
No. 2 watch , 
(3) Average of watohes 


Range Run 
(1) Meters 
(2) Yards 
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NUMBER OF RUN 


Average Speed 
(L) Knots 
(2) Meters/Second 
(3) Yards/Second 


Gourse of Torpedo (true) 


Direction 
Wander Left (1) Meters 
2) Yards 
Wander Right(1) Meters 
(2) Yards 


Period of time elapsed between end 
of run and measurement of consump- 
tion (hours) 


Oxygen Pressures 
Before Run (1) kg/om® 
(2) 1bs/in* 
After Run (1) kg/cm 
(2) Lbs/in® 


Total Pressure Drop (1) kge/em* 
(2) lbs/in® 


Oxygen. Consumption 
Pressure Drop Rate 
(1) kg/om*/1000m 
(2) lbs/in¢/1000 yds 


Steering Air Pressures 
Before Run (1) ke/om 
(2) lbs/in 
After Run (1) ke/cmé 
(2) 1bs/in* 


Fuel Consumption 
(1) Liters 
(2): Kilograms 
(3) Cubic Feet 
(4) Pounds 


' Diluent Water Consumption 
Meter Readings 

{1) Before Run 

(2) After Run 
Consumption . 

(1) Liters 

(2) Cubic Feet 


Lubricating Oil 
(1) Liters 
(2) Gubic inches 


Slide Valve Clearance (mm) : 
(1) Before Run (a) Port 
(b) Starboard 
(2) After Run (a) Port 
(b) Starboard 


1 


26.8 


000013.7 
000126 .0 


112.3 


42 
56.2 
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NUMBER OF RUN 1 
DATA FROM RECORDER . 
Speed 

Average (knots) 

Maximum (knots) 


Tail~off 


th 
Setting (1) Meters 
Feet 
Average Depth of Run (1) Meters 
(2) Peet 
Initial Dive {1} Meters 
; (2) Feet 


Roll © 


GENERAL DATA 
Photographs of Run 
Weather 
Sea : 
Wind (Beaufort) 
Sun 
Clouds 
Tide (knots) 
DATA BY CALCULATION 
Water/Fuel Ratio 
(1) By Volume 
(2) By Weight 


Total Oxygen Consumption (10°C) 
(No allowance for temperature 


(1) kg 
(2) lbs 


Oxygen/Fuel Ratio 
By. Weight 


ANALYSIS OF RESULTS 
ESTIMATED ERRORS IN MEASUREMENTS 


From an observer's point of view, the weather conditions under 
which all the torpedoes were run, were good. Visibility was 
good, and the surfacing of the torpedo was always seen by ob- 
servers on the tug, and by at least one observer at the firing 
point. (Usually, all the observers at the firing point saw the 
torpedo gueraoe): 


TIMING ERHORS 
Start of run: At the firing point, tre tendency of tne 


two observers was to start their watcnues before the tor- 
pedo was actually clear of the frame. This is an important 
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point, since at that moment the torpedo was moving slowly 
and as much as one second after start of motion could 
elapse before the tail of the torpedo emerged from the 
frame. The head, which was painted yellow could be seen, 
but in 10 feet of water, it was very difficult to know the 
instant at which the tail left the frame. The maximum 
error here was probably about 0.5 seconds, 


The signal of the start of the run was given to the tug by 
the Communications Officer over the radio. This officer 
gave the "fire" signal, when he saw the torpedo nose emerg- 
ing from under the firing point. At that instant, the tail 
was almost clear of the frame. Therefore, the error in 
starting the watches on the tug depended solely on the per- 
sonal errors of the Communications Officer and the two ob- 
servers with stop watches on the tug. This total error 
had a probable maximum of 0.5 seconds. 


_ Finish of run: Where the observers with stop watches (both 
on tug and at firing point) saw the torpedo break surface 
the maximum error in stopping the watches was unlikely to - 
exceed 0.5 seconds. 


Total maximum error is timing: From the above, tutal 
‘maximum timing error is: 


~At Firing Point 1 second 
On T 1 second 
Over a run of duration of 200 seconds this contributes a 
maximum percentage error of 0.5% which always tends to 
make the measured average speed less than the actual aver- 
age speed. 


In certain cages, one watch of the four differed consider- 
ably from the readings of the other three. This was due 
to the fact that the observer using this watch did not see 
the torpedo surface, but stopped his watch on a signal 
from another observer. In three instances, therefore, the 
reading of one watch was discounted because it differed by 
‘more than one second from the average of the other three; 
(one. second being taken as the total maximum error likely, 
under the conditions of observation stated previously). 


Range errors: The navigator of the USS BALTIMORE, who mea- 
sure e range of each run, stated that his measurements 
may give a figure which is larger or smaller than the 
actual range run. 


If the range run is taken as 5700 yards then the maximun 
percentage error in range measurement will be: 


5700 x 100% 


= 1.75% 


Total maximum error: The calculation of the average speed 
o e run involves the division of the range by the time; 
therefore the total maximum percentage error will be ob- 
tained by adding the percentage error in time to the per- 
centage error in range. 
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Therefore total maximum error in speed: 
=(+1.754+0.5)% 
= 2.25% or -1.25% 


Therefore, in a measured average speed of 50 knots the 
error will be: 


1.1 knots or =-0.6 knots 


or @ measured speed of 50 knots will be within the Limits 
49.4 to 51.1 knots. 


Remarks: From the foregoing, it will be seen the largest 

- contributing factor to the final error in speed, is the 
error occurring in the measurement of ran e. Under the 
conditions of the trials (no target buoys), it was not 
possible to measure the range with a greater degree of 
accuracy. 


EIDES 


These were estimated from charts which showed the speed and 
direction of the tide for the DAINYU area. The maximum spesd of 
tide occurring on any day was 0.7 knots. The direction was al- 
ways SW or NE which is across the range and therefore did not 
effect the speed of the torpedo. 


A tide of 0.7 knots NE will, however, cause a drift of 80 yards 
to the left in the course of the torpedo, 


The following figures show the measured "wander" after correo- 
tion for tides. 


TORPEDO | RUN! TIDE MEASURED WAN= CORRECTED 


NO. NO. DER (YARDS) | WANDER (YARDS) 





PYRPWOEH 
SO000000 


From the above corrected "wanders" 


Wander (yds) 
4 runs not more than 81 


2 runs less than 200 
_ & runs . less than 300 
Passing condition not more than 100 yds 
at 6000 yards range. 


SUMMARY OF RESULTS 


In the following table the results of the eight runs are 
summarized: 
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REMARKS 





Torpedo No. 2473 made only one run in which it attained a speed of 
46.85 knots. No reducer test was made before the run, and it is not 
known whether any tail-off occurred due to large slide valve clear- 
ances (these were not measured before the run). 


Torpedo No. 5053 made three runs. Before the first run the reducer 
was not tested and the speed realized was 47.1 knots. Before thg 

_ second run the reducer was screwed down to 38 kg/cm? (540 1lbs/in“), 
and.in this run an average speed of 49.9 knots was attained. In the 
third run, the slide valve clearances were large and a definite tail- 
of? occurred, as shown by the recorder tracing and the residual 
oxygen pressu”e. No. change in reducer was made before the run. The 
low speed of 47.7 knots attained is, therefore, readily explicable. 


' Torpedoes Ne. 2737 and 2725 made two runs each. In all of the four 
runs the average speeds attained were above the passing speed laid 
down by the Japanese. (No explanation can be offered for the drop 
in speed in the second run of No. 2725). 


The mean results for the three torpedoes a:c as undernoted: 


(No. 2473 has been neglected because it was lost and completes data 
were not obtained, The first run of No. 5053 has been included, 
although it was slightly slow, to increase the number of runs to 
obtain a better average), 


Speed: The mean value for seven runs was 49.2 knots, 


It will be noticed that no account is taken of "“tail-ofP" in the 
passing conditions; the torpedoes are expected to complete the run 
at the. speed without "tail-off", 

4 
The aim in passing the torpedoes is to work on the top limit. In 
some. types the limits in speed are given as -042 knots. This was 
also said to have a good psychological effect on the inspectors. 


Range: The average range run was shorter by 268 yards than that 

specified; i.e. 5749 instead of 6017. This was not considered 

serious since the oxygen remaining averaged 58.3 ke/em* (827 Lbs/in®) 

for a reducer pressure of..37.6 (534 lbs/in®) i.e., a margin of pras- 

tically 300 lbs/in*,. In addition there was no Sign of "teail-of?" in 
recorder diagrams. _ 


Depth: The torpedoes were run at a depth setting of 5 meters 
Tie L ft). The average depth was 16.7 ft. 


_The initial dive varied fron 9.0 = 15 meters (29.5 = 49.1 ft) with 

an average of 11.4 meters (37.4 ft). From measurement of the recorder 
diagram the initial dive occurs at 220 meters from the firing point; 
i.e., after the rudder locking has been removed and coincides with 
the torpedces reaching its set speed. 


The depth keeping during the run was best in No, 2725 although it 

was the fastest torpedo. There “ag not much to choose betweer the 
other two, one No, 2737 on 29 Ja uary running shallow by 1.5 meter 
(4.9 ft) and the other, No. 5053, running one meter (3.78 2t) dean, 


List: The torpedoes rolled heavily to port at the start of the 
the maximum being 55° with a mean figure 42°, During the run tke 
torpedoes were upright. : 
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Direction keepin > The method of measuring the course of the torpedo 
with a sextant is not sufficiently accurate to obtain reliable 
figures for the wander, The error Occurring in the measurement is 
too great, . ~ 


fairly wide, from 203 - 6.3; i.e., 
-9. This is considerably lesg than the 


From. an examination of the list record, it would appear that the 
combustion was Steady in all runs except that of torpedo No, 5053 on 
2 January 1946 and at the start of the Tun of No. 2737 on 

January 1946, In the former the combustion was unsteady through— 
out the run, 


ng considerabl speed during the run. The 
best was No, 2725 which was also. the fastest. The depth line on the 
dtatter also was consistently gvoa tnrougnout tne run. 


The results indicate that the Slide valve Clearances become too large 
£0.3mm, 0.0118") after three or tour runs and must be renewed. 


igniters: The igniters used in the trials were 18 months old. Under 
no conditions an igniter is not used more than one year after 
Manufacture, No failures occurred. 


SPEED FROM RECORDERS 
a ELURDERS 


Japanese Tecorders have been designed to record speed as well as 
depth and roll. The speed is recorded by means of 2 differential 
pressure head set up by the kinematic Pressure. onthe n0ge and the 
hydrostatic pressur This differential 


ing "ship training heads" for 
On this account, considerable discrepancy Will be not 
results between the measured Speed and 


in the case of No, 2725 which was fitted with a "trial heaa" the 
' Pesults were: . 


Measured Average Spe id. Recorded Average Speed 
~~ elie Speed rage Speed 


Run 1 52.0 ” 33.0 
49.6 


“shutting 
accelerat 
its maximum speed. 
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In the case of the torpedoes (Nos. 5053, 2737) fitted with the "ship 
heads" the recorded speed tended to be low. No Consistent deviation 
in the recorded Speed from the measured speed could be determined, 


» Of value since they 
» and where a "tail-orrn oc= 
ated, 


Copies of the recorder diagrams are given in figures 118-124, 
CONCLUSIONS | 
ee LUN 


The: four torpedoes wh 
were selected at ran 
"tuned up" 


It is regretted that further Tuns could not have been made, but, in the 
time available, and owing to the departure of USS BALTIMORE from KURE it 
Was not considered feasible to carry out further trials, 


Although the Scope of the trials was not sufficient to Make an accurate 
statistical Survey of the performance of the Type 95 Model 2 torpedo, the 
claims of the Japanese for this torpedo are Considered to be justified, 
particularly since no allowance has been made for the frame discharge, 








FIGURE 118 
RECORDER DIAGRAM, TORPEDO NO.5053 (5 JANUARY 1946) 


Sag 4g.s3¢ 


“END OF Run 
7 s 
—_-S > 








; FIGURE 119 
RECORDER DIAGRAM TORP ), NO.5053 (19 JANUARY 1946) - 
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FIGURE 120 
RECORDER DIAGRAH, TORPEDO 8O.5U63 (29 JANUARY 1946 











RECORDER DIAGRAM. TORPEDO NO.2737 (19 JANUARY 1946) 
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PIGURE 122 ; 
RECORDER DIAGRAM, TORPEDO NO.2737 (29 JANUARY 1846) 
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COMPONENTS 
HEADS 
Exercise Head 


The working principle of all Japanese exercise heads is the same. 

differ from one another only in the characteristics which render them suitable 
for fitting to a specific type and model of torpedo and for use in ranging 
trials or in ship training. 8 


‘Thus, they can be divided “into two main classes: 


(1) rial head. 
(2) + Ship training head. 


The first is used for ranging the torpedo and for general trials. 
training head is for use in training exercises carried out from abo 
Their characteristies are as follows: 


Trial Head (Figure 125) 
This head is fitted with: 
Recorder (Speed, depth and roll) & Standard blowing mechanism 


Ship Training Head (Figures. 126 and 127) 


This is fitted with: , 


Recorder (same type as for trial head) 
Phosphorescent illuminator . 
Electric illuminator (with battery) 
Standard blowing mechanism 


in addition to these two main classes, exercise heads differ in length 
and a aees according to the type and model of torpedo to which they are 
to be fitted, 


Blowing Mechanism 


In the nose of the torpedo are two water inlets, one for the speed recorde 
er and one for the blowing mechanism, The inlet for the recorder is 
exactly on the lengitudinal axis of the torpedo through the nose, and the 
one for blowing is slightly belew it, Illustrations of the two main come 
ponents of the blowing mechanism (hydraulic cylinder and the blowing 
valve) are shown in Figures 128 and 129 respectively, . 


Operation: Before loading into the tube, the air bottle stop valve is 
Opened. Air is then admitted to the blowing valve casting which contains 
an oil reservoir as well as a spring-loaded valve, It passes through a 
small. drilling onto the top of the valve and into the oil reservoir. Prese 
sure is applied therefore to both the oil circuit and to the valve to keep 
it shut. 7 


The hydraulic cylinder contains a spring-loaded piston which is connected 
to the nose of the head. When the torpedo is running, the piston is force 
ed back into the cylinder by both the dynamic and static pressure of waters, 
At the start of the run, when it moves, it slides over the control spindle 
and cocks the blowing lever pawl. At the end of the run, when the speed 
falls to 14 knots, the spring forces the piston down, carrying with it the 
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REMARKS t | 
Piston begine to move when torpedo speed is 
returns when it decreases to likts, 


FROM GLUW valve 
( O1L PRESSURE [60 K&Lns) 


A - Fe 
ref g Oe 3x 6 Ye 


Re i 


Oil OUTLET VALVE 


FIGURE 128 
HYDRANLIC CYLINDER 
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FIGURE 129 
BLOWING VALVE 
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control spindle which operates a lever opening the oil outlet valve, 


The pressure on the oil reservoir and on the upper side of the air valve 
lve is sufficient to open it. The 


Discharge valve: This is shown in Figure 130 and consists of a non-return 
Valve of large area whose spring is designed to Open under a pressure of 
0.5 ke/om* (7.21 lbs/in2), This valve is situated on the underside of the 
head at the after end, 


Air vessel: The blowing air bottle in the head is always charged to about 
g/ceme (2272 lbs/in ) but varies in volume according to the volume of 
the head. This bottle was first made of a "Silzin" bronze casting (Cu 
80.5; Zn 15; Si 4.5) but later was made of steel because of the shortage 
of copper. The vessel is placed slightly aft of the middle of the head, 
and charging and stop valves are fitted on the topside. (See Figure 131.) 


Recorder 


This records speed by virtue of the differential pressure head set up by 
the pynenic pressure on the nose and the hydrostatic pressure on the side 
of the head, 3 


Two valves, sensitive to small Pressure changes, are fitted in the record- 
ere The springs of the valves are of the bellows type (similar to an alge 
roid barometer) and are made of German silver. Through the middle of each 
- Spring passes a spindle to the top of which is attached a multiplying lever 
with a pencil at the end. The bottom of the spindle is fixed to the bots 
tom of the spring. To one valve is connected a pipe leading to the nose 
of the head; to the 

the head, 

the spring, p ' 

A recorder paper is rolled on Bide of 
the pencils; the latter then make a tracing on the paper. One drum revol- 
ves, driven by a clockwork mechanism On top of the recorder. ‘The speed of 
revOlution depends on the design of the recorder, of which there are two 
types; one has a speed of 150mm/min, the other a speed of 300mm/min, The 
working principle of each of these designs is the same. 


The roll is recorded by a roll pendulum damped in oi] (to prevent damage 
in severe rolling). The pendulum is coupled to a pencil which makes a 
tracing on the same paper as the speed and depth tracings. 


Operation: The recorder is placed in a pocket on the upper side or under-~ 
Stas of the head. The pressure pipe connections are taken into the recorde 
er through the washer on the mouth of the recorder pocket, and the joints 
sealed by this washer, ) 


Two tracings are obtained for depth and speed. The latter is traced as a 
result of the sum of the dynamic and hydrostatic Pressure. Thus, the 
speed is measured by taking the depth tracing as the base, By means of 
calibrated scales the depth, speed and roll can be directly read from the 
tracings. 


This method is dependent on the pressure distribution around the nead and 
‘therefore the recorder will function effectively only in a head for which 
it-was designed. The Japanese recorder was designed for the streamlined 
trial heads for Types 93 and 95- It will not function satisfactorily in 
round heads or in ship training heads. The streamlined form of the latter 
is broken by electric light, eto. In these cases a correction must be 

made to the recorded speed. P 
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FIGURE 1350 
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FIGURE 131 
CHARGING VALVR 
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The starting mechanism of the recorder is held down by the tube, and, when 
the torpedo is fired, 4t is pushed into a vertical position by 4 spring 
and starts the recorder clockwork mechanism. 


Ship Training Head 


This is fitted with a recorder as in the previous case. It also has a 
4th calcium phosphide (Ca3Pr2) for use in night trials. The 
s pocket is covered: with a rubber diaphragm. When the head 
plows it pushes up a. spindle through the rubber cover and allows the water 
to come in contact with the phosphide. Phosphine gas is generated as a 
result and, since this is spontaneously inflammable, the position of the 
torpedo is effectively marked e “ : 


Ca3zP2 + 6H20 = 3 Ca(OH)g + 2PH (phosphine) 


About 5 kg (10 lbs) of calciun phosphide is earrvied and this burns for 
about three hours. 


Around the ship training head are placed three electric lamps which mark 


the course of the torpedo at night. These lamps are illuminated by 4 12 
yolt battery : 


Filling of Head 


Usually sea water is used; but in special cases, where accurate exporimen= 
tal measurements must be made, a liquid of higher density, more closely 
approximating the explosive, is used. Bither concentrated solutions. of 
common salt ox zinc chloride in water. are used. Sometimes fluorescein is 
dnoluéed in the filling s@lution to mark the spot where the head blows. 
Sometimes lead ballast is inoluded. 


Shape of Head 


Prior to 1940 the Japanese used the round-shaped head. In 1940 the Itai- 
dan streamlined head was introduced into Japan. It was tound thet on 
fixing these Italian heads to a Type 95 torpedo, the speed increased from 
48 to 50 knots. Subsequently, all high-speed torpedoes (4.e. Types 93 
and 95) were fitted with streamlined warheads and exercise heads. The 
curve of the Italian head was slightly modified by the Japanese. The de- 
tails are shown in Figure 132. . 


Warhead 


Fox ship torpedoes there are two types of warheads, called Model 1 and 
Model 2, regardless of diameter, so that each model 4g made in a number 
of groups having diameters and weights suitable for the type of torpedo 
to which it is to be fitted. an 


Model 1: This is round=nosed and is used on Types 6th and 8th year; 89; 
90; 92; 93 Model 1, Modifications Land 2; 95 Modification 1; 96; 97; and 
02. (See Figure 133.) 


Model 2: This is streamlined and was ‘produced after the tests of the 
Italian streamlined head. It 1s fitted to Types 93, Model 1, Modifications 
1 and 2; Type 92, Model 3; Type 95, Modification 1 and Type 95, Model 2. 


The standard design ovusists uf welded steel plate about 3mm thick with 
the bayonet-type joint, except in the case of those for the Types 6th and 
8th year and fype 92. The inside of the head is tin plated electrically 
and then a coating of black lecquer is added. Originally the head: was 
filled with blocks of explosive; latterly the explosive was cast, the 
cover being finally bolted on. In the 6th and 8th year types "whisker" 
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pistol was used, and in the remainder the inertia pistol was fitted. Lead 
weights were fitted in Some torpedoes to modify the trin, 


Special Heads 


A number of special heads were also made; they are enumerated below: 


Model 3: This was. a heal with & specially shaped block of steel fitted 
in the nose to pierce armor plating. It was never used in service, 


Model 4; This was a head with a kite attachment. It has been fully dee 
scribed in NavTechJap Report "Japanese Torpedoes and Tubes, Article 2 - 
Aircraft Torpedoes", Yndex No. 0-01-2. It was fitted to Types 91 and 92. 


Model 5: This is the magnetic head ana is described in another section cf 
this report, : 


Model 6: This is the "y» head. It is described in NavTechdap Report 
"Japanese Torpedoes and Tubes, Article 2 - Aircraft Torpedoes", Index Mo. 
0-01-2, 


Explosive 


All Japanese torpedoes use Type 97 explosive which has the following com 
position: , 


60% Trinitrotoluene 
40% Hexanitrodiphenylamine 


No. stabilizers are added. 


Exploders 


No radically new designs nor any new principles of Operation for torpedo 
exploders have be : Several exploders 

: » notable certain in» 
ertia: pistols of and "OR" magnetic influe 
ence exploders, : 


Exploders already known to Allied technical intelligence ang sufficiently 
Gescribed in existing publications have not been described in this report. 


Undernoted is @ list of all known Japanese Torpedo Exploders: 


Type 90 

Type 90, Model. 2 

Type 90, Model. 2 (Strong) 

Type 4 

Type 91, Model 1 

Type 91, Model 2 

Type 91, Model 3 

Type 2 

Type 2, Modification 1 

Type 2; Model 2 

Type 2, Model 2 Modification 1 

Type 2 (Special} 

Type 3 (Hydroplane Exploder ) 

"M" Model 3 Magnetic Exploder 
15. "OR" Magnetic Exploder (experimental) 


Of the items in the list above, Nos. 1,255,6,8, and 13 are fully describea 


in the MINE DISPOSAL HANDBOOK, Part XXVI, Chapter II, publishea by the U.S. 
Navy Mine Disposal School, Washington, D.C. Numbers 2, 3, and 4 are de~ 
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scribed in NavTeonsap Report "Japanese Torpedoes and Tubes, Article 2, 
Aircraft Torpedoes", Index No. ~Ol-2. Additional information is given 
below. , 


T : rom the Type 90, Model 
1 @ parts have been strengthened either by the 
by an increase in dimensions. The purpose of 
these changes was to enable the exploder better to withstand the shock of 
launching from aircraft. 


Type a Model 3: 8 sign and operation to the 
ype 94, except that the whisker span is reduced to 17", 
This alteration was made to allow the use of the exploder in the 1g" 


(45cm) aircraft torpedo. 


ape 2: This is described in the Mine Disposal Handbook. This exploder 
and some of its modifications were designed by Technical Lt. Tadao KIMOTO 
According to Lt, KIMOTO, the Type 2 exploder and 
designed to repla 
: The latter exploder was found to fire prematurely due to the high 
sensitivity of the inertia mechanism, which was frequently activated by 
the vibrations of the torpedo engine, The Type 2 and all its modificas 
tions have an arming renge selection screw, which gives the exploders an 
arming run of from 400 to 2000 meters of water travel when the torpedo is 
launched from surface craft and from 300 to 1600 meters when launched from 
submarines. 


Type 2 Modification 1: Thig exploder is identical in every respect to the 
ype < exploder except that the bail and its safety lock connected to the 
. firing device have been omitted. ‘Thig exploder is kept in an unarmed 


state by a brass key which fits through the impeller and into the impeller 
hub, preventing revolutions of the impeller and the arming of the firing 


device. © 


Type 2 Model 2: This exploder also is identical with the Type 2 exploder, 
aving & bail, but without the counter-mining device. A Simply construct~ 


ed mechanism, it was designed for use in torpedoes launched from motor 
torpedo. boats. 


Type 2 Model 2' Modification 1: This -exploder is identical in design and 
In use to Type 2, Model © except that the bail and its connected mechan-= 
isms are omitted. — 
ane 2 (Special): This exploder is.used in the KAITsN suicide torpedoes 
ane midget submarines, Its diameter is the same as that of Type 2, but 
its length is increased to throw the booster nearer the center of the 
charge. The impeller, bail, and ee ee device are omitted. The 
f ty 


firing device, identical in design to that o pe 2, is armed by a system 
of shafts and gears operated by the pilot, 


Type 3 (Hyaroplane Bxploder): This is fully described in the Mine Dis- 
posal Handbook. ; 

"NM" Model 3 and "OR" Magnetic Exploder: This is dealt with in a subse=~ 
quen sec on @ © Teporcte 


Depth Control | 


Theory 
The undernoted is the formula used by the Japanese for calculating the 


relation between the running angle of the torpedo, the angle of deviation 
of the pendulum from the neutral position,and the deviation of the tor- 
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pedo from the set depth, 
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(diameter of 
of turns-33, 


Then: 


(206 x 8.0 - 1800 x 1.025 x 10-6 


a= 


relation for the de 


8kg 

2376mm2 
1025.k 
1.52 ke/ 


wir e-4.5mm, 
mater ial-pho 


- (See Figure 134) 


Tunning angle 
deviation from set depth 
distance between the hydro 
of gravity of the torpedo 
length of connecting link 
length of the pendulum 
weight of the pendulem 
area of hydrovalve 

rate of the depth spring 
angle of deviation of pendulum from the 
neutral position 

density of sea water 


valve and the center 


pendulum and the hydrovalve plate is first ob- 
the pivot of the Pendulum are: 


a (shat LsA sin r + ¢ a@ sin a) 
se- . 
in (r - a} : 
e very small, so approximately 
_ : 
d 


1 
r-d 


reno ony 


and Simplifying, the formula becomes: 


W-Ls al T-shA 


ca 


a + 


pth gear of Type 93 torpedo, assuming that 


with up nose and below its set depth 
1800mm 


13mm 
206mn 


g/m? 1.025 x 10~6 icg/mm3 


g/m. 


diameter of coil-~ 


10.25mm, number 
sphor—bronze) 


* 2376) r-1.025 x 10-6 x 2376 x h 


° + 0 x 1? 
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PIGURE 1384 . 
DIAGRAM OF DEPTH GRAR, TYPE 98 


= (126.4 - hebh)r ~ 2.43 x 10°53 h = 
2 it + 19.5 — 


= 1.22 r-2.43 x 1073 -h 


= 0.836 r-1.67 x 1079 h 


Since meters are used as the unit the formula becomes. 


@ = 0.836r - 0.0167 h 


As it is more convenient to use degrees, the formula is altered to degrees 
by dividing the last term by 0.0175 (1° =. 0.0175 radians) 


a° = 0.8369r° - 0,954 h 
Substituting h = 0, r= 1° 
~d° = 0.835° = 50 minutes 
This gives the sensitivity to change in depth. 
If a° = 0, h=+i1 meter, r = 10-91 
At this angle the horizcntal rudders are in the mid-position. 


When the angle d is 1°, the movement of the slide valve in the seryomotor 
is equal to: : 
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where e = distance from pivot to depth gear rod 


7 186 x 0.0175 x 443 = 3.25mm 


(m & n are the lengths of the operating lever and are taken as equal), 


n 
m 


Mechanism in the Torpedo 


The depth gear mechanism is similar to that of the Whitehead torpedo. 
There are no "types" of depth gears as there are for pistols, gyroscopes, 
etc. The depth gear is designed for each torpedo depsnding upon the dia- 
meter, weight, length, and general design. 


The standard design is shown in Figure 135. The water pressure on the 
- hydrovalve is balanced by the extension of the depth spring. The pendulum 

. is pivoted at the top of the frame and is connected to the spindle of the 
hydrovalve. The spring is fixed at the top to the head of the spindle by 
‘screwing the spindle into. it. At the bottom it is screwed into a sleeve 
serrated to form a rack on the outside. A worm wheel meshes with the 
rack; by the rotation of this the tension of the spring is adjusted and 
the depth set. 


The movement of the hydraulic valve plate is transmitted by a bell: crank 
to the servomotor. A special fitment has been added. which enables the 
torpedo to be run at a much greater. depth for any desired distance, The 
normal depth setting is from 2-16 meters (6.56 ft. - 52.5 ft.); to this 
can be added a further 4-6 meters (13.12 ft. - 19.7 ft.) making a maximum 
of 72 ft. The fitment consists of an auxiliary compression spring which 
applies additional load to the hydrovalve spindle at the top (Figure. 136}. 
An engine-driven cam controls it and throws it out of action after the 
torpedo has run off the required range, when the main depth spring takes 
control and the torpedo returns to its normal depth, The distance can be 
varied by rotation of the cam on the spindle. 


The servomotor is of the standard design with only oil grooves and no pack= 
ing rings.. The rudder locking device consists of an arm attached to the 
depth gear rod which is prevented from moving by a cam having two steps on 
it. The cam is gear-driven from the engine and releases the rudders in 
two steps. In addition there is an index plate which permits the rudders 
to be locked in any desired position. (See Figure 137), 


Gyroscopes 


‘General 


Before the development of the Type 4th year torpedo (1915), gyroscopes 
Type 38 and Type 41 were used. Spring starting was employed, but the RPY 
of the wheel were low, and the performance of the gyroscopes was poor. 


General particulars of gyroscopes developed subsequently are given in tab- 
ular form at the end of the Section. 


Type 4th Year - 


In this type air-blast starting was employed for the first time. A turbine 
wheel was mounted outside the gimbal system. Air-blast was used to start 
and maintain the wheel speed. The weight of the wheel was increased and 
the performance improved considerably. Since only one relay valve was used 
the power of the steering engine was low,and for this reason, the direction 
keeping of the torpedo was poor. 
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SECONDARY DEPTH CONTROL 
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Type 4th Year Modification 2 


To improve the steering of the 4th year type a second slide valve was add~ 
ed between the main slide valve and the steering engine, Improvements were 
also made to the operating mechanism, (See Figure 138 a and b) 


Type 92 


The mechanism is the same as that of the 4th year, Modification 2 except 
that the parts were strengthened, 


Type 98 


The wheel mechanism, i.e. turbine wheel and gyro wheel, is the same as in 
the Type 92 except that bail bearings are used in the gimbals, The most 

important addition to the mechanisn was the introduction of the balanced 

diaphragm in place of the link mechanism between the wheel and the slide 

valve. 


The air control system is shown in Figure 139. Qn the outer gimbal frame 
is a semi-circular seal to the rotary valve having a clearance of 0.03mm. 
The rotary valve has two discharge orifices at 180° which are connected 

to each side of a balancing diaphragm. Air pressure at 1.5 kg/em2 ig sup= 
plied to each side of the disc, When the gimbal rotates, one or the other 
of the discharge orifices in the valve is uncovered and the pressure falls 
on the appropriate side of the diaphragm resulting in a lateral movement 
of the spindle carrying the disc, The spindle is connected to a slide 
valve which moves, admitting air to the end of the main slide valve, and 
operates the servomotor controlling the steering engine, 


ve Re Beebo eg, OS 


Type 98 was adopted as the standard 
In the case of ¢ 


stated that the deflection from the course was very small and that this 
helped to render the track invisible, 


Type 02 


This type was made for short range torpedoes only, i.e. the Type 02 tor- 
“pedo, and with a view to easy manufacture. The starting was by air-diast. 
The mechanism was simple and easy to produce but the performance was poor. 
(See Figure 140.) 


‘Hlectric Gyroscope for KAITEN Torpedo 


Historical 


About 10 years ago an electrically driven gyro wheel was satisfactorily 
produced, but further development work was, stopped because of the difficulty 
get it up to 


their gyroscopes were unsatisfactory the electric gyroscope was adopted 
and gave satisfactory results, Later, when the KAITEN torpedo was-preduc-~ 
ed, this gyroscope was used in conjuction with the air circuit of Type 98. 


Dynamo 
4 


The dynamo is a three-phase alternating current unit having an input volte 
‘age of 24 volts and an output of 120. (Figure 141). It is supplied from a 
_wet battery of 12 cells, 
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FIGURE 138(a)} 
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FIGURE 141 
- ELECTRIC GYROSCOPE CASING 


fhe leading particulars are: 


Weight : 5.5 kg totally enclosed 
REM 6600 constant speed 
Cycles 330 reduced from. 400 
Input 2h volts 

Output 120 volts 


Gyroseope 


Casing 


~The gyroscope is mounted in a metal casing having a glass insert at the 
top for reading the scales. (See Figures 141 and 143). Through the center 
passes a& spindle for setting the course. At the bottom are two disc type 
‘reducers which reduce the pressure from 200 kg/cm? (2830 lbs/in2) te the 
working pressure (not known) for operating the servomotors., When the 

- gyro is functioning the air in the casing acts as_a coolant for the motor. 

“Since the casing is air-tight (tested to 25 kg/cm2; 355 lbs/in2) there is 
a gradual rise in pressure due to leaks from the servo mechanism, The ac- 
tual pressure reached. was not known. 


3) 


in 


Frane 


The gyroscope system is mounted vertically in a pronze frame octagonal in 
shape. (See Figures 142 and 144). On one side of the upper part are the 
servomotor, systems for operating the steering engine. The rotary valve is 
incorporated in the upper bearing of the gimbal system together with mech 
, anism for the pilot's control which is operated manually through a worm 
drive. On-the lower part of the frame the gimbal locking arms are bolted, 
A pair of arms lock the inner and a single arm locks the outer. These 
prevent the gyroscope. from taking control until the normal speed has been 
reached. The delay is approximately five minutes. Above the worm drive 
are. two scales, the top one being attached to the outer gimbal and the 
lower one being set by the pilot through the: worm gear. 
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PIGURE 144 
. ANOTRER VIEW OF ELECTRIC GYROSOCPE: 


é 
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Air Giroust 


The balanced diaphragm of Type 98 is used, The pilot can steer the KATTEN 
torpedo by revolving the rotary valve through a worm drive. The servo 
mechanism how functions independently of the gyroscope, 


Gyroscope Wheel 


The wheel weighs 1075 erans (2.4 lbs) ana is electrically driven by a 
squirrel cage motor, (See Figure 145). The motor is designed so that the 
rotor is on the outside-and the stator On the inside. ‘The unit was built 


by a subcontractor whose name was not known, Originally it Was designed 
to: operate at &00 cycles; this was reduced later to 333. 


The circui There are three-phase Windings having 
two wires 8S’ are led through one Spindle of the 
‘inner ag: One phase passas through a 
slip ring* other by a spring-loaded 
contact throu is insulated by a vulcanite 
h . 


. The rotor ig of 
each side around the spindles 8 stators and 
is mounted on two small ‘ball races, The normal cast-in squirrel cage con» 
struction is used, light alloy having been poured in, 


The: stator is in two parts, effectively two separate motors, each fed with 
current through their Spindles and mounted on one end of the rotor spindle 
The stators have been bored out to carry the external housing of the ball 
‘races, 


Io keep wheel revolving air pressure of 16 ke/em* (227 lbs/in2) is used. 
This also operates the steering engine, 


Bench Testing of Gyroscopes 


vertically on a frame on the bench and the wheel 

The frame is oscillated at constant frequency 

and amplitude Y ting that of the torpedo and a diagram is drawn by 
& pencil. attached ‘to the steering arm, 


Details of test of gyroscope Type. 98 


Duration of test 30 minutes 
Oscillation 
Amplitude (degrees) 8 
Frequency (cycle/min) 35 
(ages deflection 


(degrees <2 0,25 
Summary of Types 


Type of Gyro Type Type Ath year Type 92 Type 98 ® 02 
. (4th year) (Modif. 2) hie 
y Sea ee ee ee 


Type of Torpedo Type. Type 6th year Type 89 Type 92 Type 02 
(6th. year) Type. 8th year - Type 93 
Type Type 89 Type 90 Type 95 
(8th year) Type 90 Type 96 
Type 97 & 98 


5.200 6.3000 7-700 8.550 456 
Tek, 1329 16.9 186 gg 
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Type or gyro 


Type 


; (Ath year) 


Weight of wheel . kg 1.150 
: Lbs 2,53 


REM of wheel ‘ 


Method of starting 


Wheel. 
Material frame 


Gimbals 


Type. of. wheel dia. 
bearings NO. -_ 
(ball bearing) 


Method. of mountings 


Control gear 
(diameter of piston) 


(air pressure) 
kg/om* 
lbs/in? 


Blast pressure 


Number of nozzles 


Position in 
torpedo 


Special fittings 


Accuracy of direce 
tion keeping 
(déflection angle~ 
tine) 


6500 


Turbine 
wheel 4 
nozzles 


Nickel 
bronze 


Phosphor~ 
bronze 


Forged Al. 
bronze 


1/8" 
7 


Laminated 
steel 
spring 


22mm 
0.866 in 


20 
28h, 


steering 
air 
pressure 


one 
Rear 


-buoyancy 
chamber 


No 


+d dege- 
L min, 


Type 4th 


1.150 
2253 


7900 


Turbine 
wheel. 4 
nozzles 


Nickel 
bronze 


Phosphor- 
bronze 


Forged Al. 
bronze: 


ifs” 


Laminated 
steel 


spring 


22mm 
0.866 in 
20 

284 
steering 
‘air 
pressure 
one 
Rear 
buoyancy 
chamber 


No 


_ 1.160 


one 


1.160 
2055 


goco~ 
12,000 


Turbine Turbine 
wheel 4 wheel 4 
hozzles nozzles 


2055 


9000— 
12,000 


Nickel 
bronze 


Nickel 
bronze 


Phorphor-Phosphor. 
bronze bronze 
Forged Forged 
Al Al 


e e 
bronze bronze 


0-01-1 


year Type 92 Type 98 “Type 02 
(Modif, 2) 


—_—_—, 


0.750 
1.65 


700= 
8000 


No tur- 
bine 
wheel, 
Blast noze 
zle of 
8yro whee. 
used. 


Nickel 
bronze 


Phosphor 
bron- 


stainzess 
steel 


or stain-~ 


less stee. 


1/s" 1/8" 
7 7 


Laminat- Rubber 

ed steel vibra- 

Spring tion abe 
Sorber 


23mm 23mm 
0.906 in 0.906 in 


16 
227 


12 
170 


steering steering 
air air 
Pressure pressure 


one 


Rear Rear 
buoyancy buoyancy | 
chamber chamber 


Circling 
appare- 
tus : 


No 


+ 


- % deg.- *i deg.- 
15 ming 30 min 


L 
1/8" 
7 


Rub? er 
vibration 
absorber 


23mm 
0.906 in 
16 

227 
steering 
air 
pressure 
two 


Rear 
buoyancy 
chamber 


No 


th deg. a 
3 min, 
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ADDITIONAL DEVELOPMENTS 
we ENTS 
Guiding and “Homing”. Torpedoes i 


Historical 
——aw0rical 


Experiments were carried out with hydrophone-equipped torpedoes designed 
to "home" on & sound source by acoustical Tesponse. Two distince methods 
were employed; the more Simple, and the only one extensively developed, 
Was dependent on comparison of sound iatensity,. whereas the second relied 

upon the phase differ nd received at two separated Points, 

‘experiments appear to ‘COnfined to electrically driven torpedoes, 
cae information is #£ & whether any operational SuCCesSs was 
achieved, : 


Sound Intensity Method of Control 


General Princi 1K) 


through a Pusxther 


phones, Regneto-striction type, 22.5 Kilocycle, with total 
of 78 om » are carefully recessed into Position ang rendered 
h the torpedo body by the addition of 8n ebonite Plate, The re~ 
Sponse angle of each is approximately 700 4, (See Figures 147 and 148.) 


Simple 
imes per se 


n of approximately 
by a full-wave Selenium recti- 


‘Relay System 
A total of eight relays was employed, two Of a4 sensitive differential type 
Operating on 50 microamps,, standard telephone types, 


Power Supplies 


The 220y and -6V anplifier supplies together with the 50V Supply for the 
Telay system, were obtained from the main battery, 


Sequence cf Operation (See Figure 148) 


When the Pick-up of one. hydrophone is in excess of the Other, relay M 
‘ Closes: in the) corresponding direction, Relay A(or 8) will be operated and 
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0-01-4 


“delay Tesistance/ 
ob relay N Closing un- 
seconds, When reley 


inue 
pickup and Opposite rudder annliea. 


Experimental Results 


Tank tests showed an angular 
‘generally satisfactory up to 
speed and were attributed: to 
rated by the torpedo itself, 
off of all projecting surfaces 


Gontrou by Phase-difference Method 
General Principle a + 


This method of control is dependent upon the fact that if two separated 
hydrophones receive noise from a Single source, there will be a phase dif- 
ference of the wave form varying. according to the orientation of the source 
with respect to the hydrophones, The electric torpedo adapted is referred 
to as the "NR fitted with a Type Immediately art of the head are 
fitted the 5 tO an amplifying circuit of 
form, by virtue of which the 
The selection by differential 


positive or negative phase difference, 


A aratus E loyed 


Hydrophones: Experiments appear to have been confined to the carbon gran= 
ule type, the units being carefully mounted in rubber surrounds and render- 
ed flush with the torvedo body, 


Amplifier 


The amplifier channels are shown in detail in Figures 150-152, and fron 
these the method of phase comparison of the two output waves may be obser- 


ved. 


Relay System 


The relay sontrol System employed ig Similar to that previously described, 


Power Supplies 


A sma1] auxiliary battery is utilized to Provide such supplies as cannot 
be taken from the main battery. 


erimental Resuits 


The main advantages of this form of control were considered to be: 

(a) Independence of sound intensity, (b) Greater angular sensitivity 
providing increaseg Gisgcrizin== 5-, Possibility of controlling depth- 
keeping hydroplanes for tse oe sorredo against submerged submarines, 


T™ practice the disadvente=:-, s"7ed to be: (a) Extreme precision required 
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in adjusting the electronic circuit. (b) Liability of the electronic 
equipment to mechanical shock. ) High level of background noise gene- 
rated by torpedo masking the noise emanating from a slow moving targete 
(a) Difficulty in control of horizontal hydroplanes to relevant hydro- 
phones being responsive to reflections from surface of water. 


Experimental data recorded - 


3 Angular sensitivity was 15° using 1 ke sound source. 
{b) Maximum range of acoustic control from submerged submarine at five 
knots was 100 meters. 
(c) Normal water-noise background being considered as one unit over wide 
frequency range, & submerged submarine at 5 knots and 100 meters dis- 
tant was found to measure 6 units at 300-4000 cycles. 


Future Developments 


If experiments had not been finally abandoned, attempts would have been 
Jmade to minimize self-generated noise by comprehensive rubber cushioning 
of all machinery and by trying 4 single impeller in the axial flow water 
jet propulsion pump, preventing roll by tail guide vanes. a 


Influence Firing Systems 


Type M Magnetic Pistol 


This pistol was designed for use in the Type 5, Model 2 warhead, and con- 

. gisted essentially of a coil rod unit constructed of nickel and iron dust 
compressed to form a rod of "Sendust" bound with varnish, This was coupled 
to the grids of two valves, the output of the valve being fed to a relay 
for firing the warhead. The warhead was also fitted with a standard in- 
ertia pistol as a secondary firing system. The general layout~«of the ap- 
paretus in the warhead is shown in Figure 153. : 


Operation of Firing gystem 


The fan wheel (Figure 154) drives 4 generator at 3000 RPM when the torpedo 
ig running through the water and this provides the power supply required 

- to operate the electric circuit. The machine has a double-wound armature 
providing 120 volts and 100 milliamperes for the anodes and six volts two 
amperes for the heater and ignition circuit. A regulator is incorporated 
to keep the voltage within 5%, irrespective of speed variations from 2800 


RPM to 4500 RPMe 
An extension of the generator shaft drives a magnetic clutch (Figure 154) 


through reduction gearing at approximately 60 RPM, and the clutch, when 
energized, L : e switches Sj, 
S2, 53? and Sj es are used when the pistol fires 
operationally, that is S1, Se, and Sy. S83 is jineorporated to energize the 
second grids Gj. and G*2 in order to cut off the discharge after 0.8 sec., 


when trials are being carried out. 


Passage of the C.R. unit by a ship causes a potential to appear across the 

c.R. unit, and, depending upon the direction of the ship's magnetic field 

- (and therefore of the potential), either valve V1 or V2 is energized. The 
output operates the magnetic clutch, 8, closes 0.3 secs. later, and the 
warhead explodes. 


The voltage inducted in the C.R. unit is 2 volts, with a rate of change of 
field of 100 milligauss per second and this is the minimum value required 
to actuate the valves. 


‘i 
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ARRANGEMENT OF DETONATING, APPARATUS oF M- HEAD 


FAN WHEEL 


TOTAL WEIGHT oF - 


ELECTRICAL APPARATUS : INDUCTION colt. 
er Kg. LENGTH LEM 


FIGURE 153 
TYPE 5, WARHBAN 


Functioning tests were carried out under Ships with the torpedo set to run 
two to three meters below the bottom. It was stated that 90% of the ex- 
Pploders fired under the ships. Details of the trials are ag undernoted: 


Name & type of ship Average speed Track of torpedo Number Failures 
PE of torpedo Telative to that of tor- 
Of ship (values pedoes 


ao . approximate) 
JINGEI 40 90° 
(submarine depot ship) 


Submarine I — 22 40 900 


ATADA (transport) : 909 
Destroyer HAMANAMT 40 900 1 
Battleship YaMASHTRO 40 90° 7 
. . ran deep 
MISHIKT-MART 48 990 2 
(merchant ship) valve 
: : leakage 
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MISHIKT-MARU 
(merchant. ship) 


‘(merchant ship) hb 4 


MISHTKT-MaRv. 
(merchant ‘ship) . 48 300 4 


Fifteen torpedoes: also Were run to test for prematures and proximity ex- 
-plosion. None occured, 


Three torpedoes also were tested for the correct functioning of the inertia 
pistol.. : 


Operational Use 


This pistol was accepted for service in July 1944 and 80 were constructed 
and. sent to Maizuru Navy Yara for use on the Type 95 torpedo. 


The Only safety device appears to be the fan wheel generator, which revoly- . 
es only when the torpedo is running, 


This was a magnetic pistol in the very early stages of development and up-=~ 
on which trials had not been completed. No details concerning the method 
of operation could be obtained, ° Its development seems to have been carried 
out. outside the naval research establishment by a private manufacturer, 
Figure 155 shows the electrical circuit of the apparatus, and Figure 156 


gutput asera 
.. ‘trans lori 
630/ Fil | 


1s 


____ RIGURE 155 
MAGNETIC PISTOL, TYPE OR, CIRCUIT DIAGRAM 
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shows the relationship between rate of change of magnetic field and rate 
of change of field along the axis of the C.R. unit. 


The C.R. unit is wound differentially in order to limit the chance of pre-~- 
mature firing due +o change of position in the earth's field. This trouble 
cannot be overcome completely, put it was found that angular changes of 


velocity of 144°/sec could be handled without 4& premature fire. 


It 

In order to adjust the C.R. tory compensation of changes 
in the earth's field, the comp ounted in the torpedo which 
was then suspended and rotated through 360° in 25 secse Contact 4( Figure 
155) was adjusted until the rotation could pe carried out without firing 
the circuit. 


It. is presumed that different adjustments must be made to cover field 
strength variations in different parts of the earth's surface. 


Turbine Torpedoes ° 
Historical i 


The development of turbine torpedoes was undertaken in 1934 (about the same 
time as the 24" Type 93 torpedo) to meet a staff requirement for 4 nigh- 
speed torpedo having 4 gingle speed of 60 knots to 8000 meterse 


The Japanese decided to use a turbine, in spite of its poor specific air 
consumption, and not to attempt to develop & reciprocating engine because 
of its size and weight and the mechanical difficulties involved. 


In all, four units were designed and manufactured. The first was a power 
unit only, with an output of 750 hp, and was puilt at YOKOSUKA for dynamo- 
meter tests to obtain design data. 


Tn 1936, at the same time that the development of the 750 hp unit was in 
hand, the design of turbine units F 1, 2%& 35 all suitable for 2h" diameter 
torpedoes, was undertaken at KURE. The same general design was adopted, 
making use of the experience gained with the YOKOSUKA unit. Complete tor~ 
pedoes were designed, manufactured and run in the sea. The development of 
the three all overlapped. ; 


The stages in tne development covered by each were: 


“Fl: «sests of poth fresh and salt water as diluent and the development of 
zinc chloride to prevent salt deposition. 


. F2: vests of zine ehloride under running, conditions and improvements to 
the design of the turbine unit and depth geare 


F3; Final design based on the experience gained with the two previous 
" typeSe : 


750 Hp Unit 


Yokosuka Naval Arsenal designed this unit making it suitable for 4 ai" 
torpedo. 


Design 


yne turbine design was @ velocity compound, three-stage, Curtis type having 
two rows of moving blades mounted on 4 single disc with a fixed row in be- 
tween. The center-line was offset from that of the torpedo, the rotor be- 


ing placed in the top half of the afterbody. 
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f Megnelic, field (cycle) 


FIGURE 156 
PATE OF ChaNGR DIAGRAN 
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The combustion manifold was circular in eross-section having a diameter of 
30mm (1,18"), The turbine nozzles were screwed inte the discharge side of 
the manifold. The exhaust manifold was similar in shape at the top but 
had: a larger diameter. At the bottom the section changed to form an ex= 
haust chamber which was connected to the exhaust casing of the propeller 
shafts e 


The rotor shaft was mounted on two ball bearings and carried a small pinion 
wheel which meshed with an intermediate wheel forming the first reduction 
gear. Te the after end of the intermediate wheel was keyed the pinion for 
the second reducticn, which meshed with the pinion on the propeller shaft. 


The gear box shafts were mounted on ball bearings. 


The drive for the auxiliaries was situated at the forward end of the pro- 
peller shaft. From this gear the sea water pump for cooling and the lub- 
.rticating oil pump were driven, They were placed in the lower half of the 
afterbody below the_turbine. _ 


Since 100% oxygen gives practically superheated steam, a standard turbine 
design was suitable and was used. The unit was designed by the torpedo 
development section after studying | ine design with ship designers. - 

g é ] bine for a torpedo is simple from 
joint of view of the ship des! ‘AeQ@s% low. 6fficiency and short 


whilst the torpedo control problems are mich more complex. 


For tests at YOKOSUKA, air was used because steam, ‘at sufficiently high 
pressure and ternerature, was not obtainable at that time. Kerosene was 
used as fuel and fresh water ag the diluent. 


In 1936, the unit was taken to the Kure Naval Arsenal and the development 
carried.on using 100% oxygen. 


Testing Equipment 


To carry out the tests on oxygen a special testing equipment was necessary, 
A steel plate 2° thick surrounded on three sides the tank in which the 
power unit, oxygen, and fuel vessels, were submerged. A similar thickness 
of steel formed the top cover. The dynamometer was mounted at one end of 
the tank outside the protective plating, the shaft being led through it. 
Controls and connections for the recorders. were taken through the side, 


“ Pressure and temperature measurements were made in the inlet and exhaust 
manifolds and were recorded on recording gauges. It was stated that the 
turbulence in the generator was much better than that in the generator of 
the standard reciprocating engine so that the gas temperature was uniforn 
and of the order of 500-600°C. The thermocouples therefore were not dame 
aged; Two units were wrecked in the course of the testing. 


Results of Tests - 
it was found that the exhaust pressu¥e must be as low as possible to obtain 
the required output (750 hp). The unit was therefore redesigned with an 
extSemely large exhaust passage. 
The performance was stated to be: 


Length of run ; . 15 min (using special vessel) 
Horsepower 750 
RPM 


Rotor 18,000 


Propeller shaft 1,600 
Oxygen consumption ’ 5,28 lbs/BEP/hr 
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_Guring the course of the trials, 
es ehnested together. by a-T-piec 


Ball bearitigs were used in the first instance but were not found to stand 
he high temperature involved. The design was finalized by using plain 
earings for the rotor shaft and ba 


ll bearings for the shafts of the gear 
‘Pex’ and the propellérs. 


Zype Fi 


“fhe Type FL torpedo was designed with a diameter of 24" to carry fresh 
yater for the diluent in the balance chamber, 


The design of the turbine Wwas.similar to that of the 750 hp unit except 
that it was larger in size to give 1000 hp and had taper roller be 

for the rotor spindle, Although the tests were maini 

Was experienced with the taper bearings, 

of bearings would function satisfactorily 

the side thrust from the gear teeth, 


Use of Zine Chloride .to Prevent De Osition of Salt 


t & degr 
the nozzles of the turbine is pre 
be far below the nelting point of 


Similar experiments were corducted using ma 


Results: ‘fhe experiments showed that the deposition of salt in the nozzles 
co ® prevented by reg ating the concentration and proportion of zine 
chloride - solution used, * : 


ff by Scraping 
zine chloride is 262°C, 


is unstable ana decomposes rapidly above 1860¢ 
osit is much larger in this case, A Secondary 
ility of m hloride (54 parts in 100 
r at 159°C) in water. itat 
tities of water (with 1 order to 
introduce the ca 5 For these reasong 
the experiments 


Zine chloride is useq in an aqueous solution of 65% Concentration, (Solue 
bility of ZnClo is 330 parts in 100 parts of water at 10°c.) 


Ratio Diluent wat to generator - I~ 18 
ine chlorids solution 7 
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‘This proportion.of Zine chloride depresses the melting point of sodium 
chloride to the region of 240°C, according to HORI. The proportion is not 
critical since excess Z2nClo will melt at 262°C, 


The zine chloride solution igs pumped from two Storage tanks to the point 
of injection by a two-cylinder 400 RPM reciprocating Pump. No buffer 
chamber or other smoothing device was used to make the flow uniform. 


type F2 


The design of the Type F2 torpedo included a two-cylinder Teciprocating 
Pump for the zine chloride together with the Zine chloride bottles. In 
addition, modifications were made in the gearing design to overcome the 
Side thrust from the gear wheel teeth, A Second train of intermediate 

gear wheels was introduced diammetrically Opposite the first as shown in 


Figure 157. ‘Pwo plain bearings were also used for the rotor shart, 


Range tests indicated that the. zinc chloride was effective in preventing 
Salt deposition but that.zine oxide was deposited instead and had to be 
removed after each run, 


reason given for the modification of the depth gear was that while it 
Satisfactory for the Type 93, the F2 was a heavier and shorter torpedo 
‘therefore less stable, : 


development of the F2 was stopped for two reasons: (1) there was a 
shortage of manpower, and (2) Type F3 had been completed. 


Type F3 


F2 and with the object of cleaning up the g 
(See Figure 158.) es 


The leading particulars were.as undernotea: 


General 
Diameter : 61 cm (24%) 
Length : 7 : §.550.m (336.6) 
Weight 2.7 tons (6048 lbs) 
Length of head 1.450 m (57,08") 
Weight of explosive 300 kg (1100 lbs) 


Performance 
eens 


Speed ; 60 knots 
Range 8,000 meters (8755 yds) 
Depth 6 meters (19.6 ft) 


This range was a Calculated one. In practice the type F3 was run to 
3,000 meters. The speed was measured by a recorder, 
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REDUCTION, GRAR 


‘Turbine (See Figure 159) 


Inlet Pressure | 
Output ; 
RPM Rotor 
Propellers 
Oxygen consumption 
Oxygen/fuel ratio 
Water/fuel ratio 

Gas inlet temperature 


Oxygen~fuel ratio: 
yoe 93 torpedo and 
gases in the generat 
less *overfuelling 


The figure 
may be expl 
or gives mo 
is required 
Water-~fuel ratio: This is less 
Teasons may be put forward for 


(2) 
ine, are a 
93 to the game degree 
The flame from twin g 
in reaching the engin 
The injection of Zine 


(3) 
(4) 
Performance 


The efficiency of the torpedo ¢ 


FIGURE 157 
SYSTHY, TURBINE TORPEDOES 


40 kg/eme ( 
1,000 hp 
17,500 
1.650 

5.28 lbs/BHP/hr 
3.0 


720 
550°C, 


568 lbs/in2 ) 


3.0 
aine 
rec 


° 


is Slightly greater than. that of 
d by the fact that the vetter nix 
Omplete combustion of oxygen, 


the 


one 


Thus, 


than 
this f 


that of the 


The following 
act: 


Type 93, 


» the cooling 
is nore fully used, 


the pipe leading from the t 
cooling factor which is no 
enerato 
Ce 

chloride solution causes furth 


win 


rs in Type F has greater di ity 


ffricnx 


+3 
L325) 


6r coo 


urbine was stated to be lower than what of 
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~ the steam turbine because of the presence of drops of water in the steam 
due to incomplete evaporation. The water very soon erodes the edges of 
blades. 5 = 


On the other hand it was stated that the fluid consumption was nearly as 
good as that of the torpedo reciprocating engine because the drop in ther- 


mal efficiency was counter~balanced by the greater mechanical efficiency 
of the turbine. 


Design 
Forebody 


. Oxygen vessel 


Volume 750 liters (26.5 ft3) 
Pressure 215 kg/em? (4730 ibs/in@) 
Charge 100% oxygen 


Fuel vessel 


Volume 60 liters (2.12 ft3) 
Weight of fuel 108.2 lbs 


Balance chamber 


Steering air bottles 2 

Starting air vessel ts 1 

Zine chloride bottles 2 

Water bottle For priming sea water 
diluent pump. 

Depth gear Similar to F2 
Gyroscope Standard F type 
Oxygen, fuel and water valves 


Afterbody 


Group Standard design 
Reducer Single-stage diaphragm type controlled by an 
ordinary small two-stage reducer. (See Figure 161), 
Generator Twin type connected together at the engine inlet 
Igniters Two per generator tee 
Turbine Velocity compound, 3-stage, Curtis type steam 
" turbine . 
Nozzles Seven, 10,.5mm (0.413 in) diameter, 20° angle 
Rotor dia. 220mm (8.66") 
Blades 80 per row 
Rotor-2 rows 
Stator-1 row 


Reduction gear ratio 10.6:1 


The rotor has three plain white metal-lined bearings. Particuler care is 
taken in the cooling cf the rotor shaft. The bearings are water-cooled 
from the pump at a pressure of 5-6 kg/cm? (85 lbs/in¢e); this supply is 
bifurcated to cool the end bearings at the main shaft; watertight packing 
rings being used. 


The critical speed as designed was very high, over 50,000 RPM. It was 
stated that in a future design only two bearings would be used to get 
simplicity. This modification would lower the critical speed below the 
running speed. This was not considered serious in practice. 
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The rotor is keyed to the shaft, the blades being attached by the normal 
method used in steam practice. In a future design the rotor and shaft 
would be made integral. - : 


It was said that the gyroscopic effect of the rotor was not noticeable. 


Two holes are drilled in the rotor dise to balance the pressure on each 
side. : 


Weight Rotor 10 kg (22 lbs) 
Turbine and gear box 400 kg (880 lbs) 
Twin generator L0 kg (88 lbs) 
These are only approximate. 


Materials Rotor disc ) Nickel-chrome steel to the same 
Rotor shaft) specification as the oxygen vessel. 
Gears 
. Blades 18% chromium, 8% nickel steel. 
Inlet casing Standard phosphor-bronze casting. 
Exhaust casing RSILZIN" bronze casting. 


Governor: The water flap (See Figure 160) was used to control the oxygen 
Supply to the generator and thus govern theeturbine speed. It operated 
-the spindle of the two-stage reducer supplying oxygen to the lower side of 
the diaphragm. 


When the flap moved forward, the oxygen in the lead from the controlling 
reducer to the main reducer was released to atmosphere. The diaphragm of 
the main reducer was unbalanced and the reducer closed. By the design 
the oxygen supply was cut off completely, in practice a small leak occur= 
red which together with the oxygen remaining in the system kept the gener= 
ator all right for the duration of the bre surface. 


Pumps: Both sea water Pumps are of the gear type the diluent pump deliv- 
Sring against a pressure of 50 kg/eme (710 lbs/in*) with an output of 300 
liters/min (10.6 ft’/min) and the cooling pump which works at 10 kg/cm 
(142 lbs/in®) with @ delivery of 200':liters/min (7.1 ft3/min). 


The former pressure is unusually high for a gear pump. It was stated that 
its efficiency was low. 


The zine chloride pump, oa oye double-acting, has a delivery pres- 
sure of 45 kg/cm? 1639 lbs/in2) and an output of 15 liters/min (4.25 ft3/ 
min). 
The lubricating-oil pump is of the gear type and is immersed in the oil 
pump; it lubricates all the power unit parts. The oil is slightly heavier 
than the standard turbine oil and is cooled by contact with sea water 
through the afterbody shell. 


Afterbody Shelli and Propellers 


The afterbody shell forms part of the reduction gear casing, the lower por- 
tion of which forms the lubricating oil storage chamber. The gear wheels 
are keyed.to their shafts. Splining would have been preferred put: the 
machine shops were not able to produce it. 


As a result of general propeller trials the shape of the four blades of 
the propellers for the F3 torpedo were modified as undernoted: 


(1) Variable pitch decreasing near the tipe 


(2) Wider blade with 30-40% increase in area. 
(3) Single are section. 
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"FIGURE 160 
GOVERNOR TURBINE TORPEDO, F 3 
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Conclusion of Experiments 


In all, running in the se@ consisted of: 


Type Fl 15 runs 
F2 20 runs 
¥F3 40 runs 


The tests were considered to be a failure for two reasons: 


(1) Difficulty in preventin 
shut off the power correctly, 
wards was such that the torped 
without the rudders being again locked. 

(2) The Naval Staff now considered that the original Tequirement of 
8000 meters at 60 knots wag too short. In addition, the Starr 
needed a low-speed Setting of 40 knots with a range of over 
30,000 meters, 


It was not possible 

| the low-speed settin ; 
change~speed gear box 
as well as adjustments 


’ For these two reasons the turbine deve lopment was dropped and the develop- 
ment of Type 93, Model 2 torpeda was undertaken. 


Early I.C. Engine Experiments 


Over 15 years ago, before the development of the Oxygen torpedo, wnen the 
Naval Staff produced a requirement for a long-cange torpedo, a proposal 
was put forward for a torpedo powered by an internal combustion engine, 


The torpedo was designed at Nagasaki Heiki by the engineering starr (prin- 
cipal H.O. INOUE, Doctor of Engineering), 


Principal characteristics: 


Diameter 61 em (24.03 in) 
Length 8.5 meters (334.9 in) 
Weight 2500 ke (5500 lbs) 
Speed (knots) ~ 26 38 
Range (meters) 51,000 20,000 

_ (yards) 555794 21,880 


Power Unit: . 


This was a Specially designed four-cycle, Six-cylinder, vertical, in-line 
engine, which Operated on alcohol: : 


Horsepower a , 250 
REM “ 2300 
Propeller RPM 1020 


The engine started on special fuel (petrol) and ran on ethyl alcohol, 


Starting System 


Compressed air with a Special distributor 


ignition System 


High tension magneto - sparking plugs 18mm standard lodge 
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Carburation 
TT 
Solid injection and hot spot 


Cylinder Cooling 


Forced circulating System using sea water 
Valves 


Cylinder - poppet 
aust « rotary 


The experimental tests in NAGASAKT Were comparatively Successful but the 
' ignition System was not Teliable, and the development work was therefore 
given. up. , 


Nitric Acia Research 


@S proposed by Professor T. 
toward the end of 1944, Research 
¥Y under the auspices of OKUNO and 
Tk was carried cut at the same time 


Concentrated nitric acia (90% - 98%), often referred to 
used for the ox timents. For fuel" or n 

methyl alcohol CH30H) was used. 

gas (NH3) or with a 


xperiments were made using nitric acid ang methyl alcohol saturate 
ammonia and hydrogen Sulphide. It wes found that the latter prow 
moted a vigorous reaction, 


nA" Liquid 
Specific gravity 
Concentration 


"BY Liquid 
. Specific gravity (9°) 
Composition by weight 
Has 


Catalyst 


y the nitrie acid, was Suitable for 
S were fed with compressed air to a nozzle simi- 
: used in KATTEN 2, The duration of the experiment WAS 25 sece 
onds. Results are shown below: 
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All the pressures are in kg/cem* units. 


Time (secs) 5 10 15 20 25 
Pressure of supply ‘ 20.5 21.5 21.5 21.5 20.5 
Pressure in "A" bottle, P, 18 20.5 21 aL 19 


Pressure of "At liquid at 





hozzle inlet, Pa 15.3 17.8 18.3 18.3 16.3 
Pressure in "Bt fottle, P3 19.5 2i 21 al 19.8 
Pressure of "BY liquid at . 
nozzle inlet, Py, 16.6 18.1 18.2 18.1 16.9 
Pressure of combustion 
chamber, P 1425 L407 14 14 205 
P2 - — 0.8 3el 43 463 13.8 
Ph-P - 201 364 he2 bod Wk 
Pressure in venturi 7 : 8.5 8,0 8.2 3 
Thrust (kg) 112 136 128 132 50 
Calculated temp. of 
exhaust (°C) 1200 > 1600 > 1600 > 1600 >1600 
Combustion Chamber 
Diameter Pw 175mm 
Length 600mm 
Consumptions 
tat 0.488 ke/sec 
wp 0.211 kge/seo 
NAN + pr 0.699 kg/sec 
tan/"RY ratio 1) by weight 2032 
2) by. volume 1.35 
Maximum thrust 136 k 


36 kg 
Max. thrust/kg/sec liquid reactant = 136 = 195 


Under similar conditions, hydrogen peroxide is said to give a thrust of 
180 kg per kge/sec of liquid reactant. 


During the exper iment a very high temperature was attained, and after 15 
seconds running the narrow section of the venturi melted. 


Generator Experiments 


Combustion experiments were carried out uesne a generator similar to 
KAITEN 2. 


nan/"BY/Water ratio = 1.0/0.435/1.8. 
In this experiment the temperature of exhaust gases was 1000°C, 


Owing to the corrosive nature of the sulphur acids formed from the sulphu- 
retted hydrogen, this material was later dispensed with. Then "B" liquid 
consisted of CH30H saturated with NH3. It was found that copper powder 
was sufficiently effective to promote a good reaction, even in the absence 
of H2S. 


Further Experiments at KYUSHU 


The experiments at Kyushu University were of rather an academic and fun- 
damental nature. No horsepower measurements were made, and many of the 
observetions were of the qualitative kind. 
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_ Work.on the effect of the concentrations of the nitric acid and methyl 
‘alcohol on combustion was done. The complex crystalline compounds pre=- 
cipitated on the saturation of methyl alcohol with NH3 and HoS were in- 
vestigated, Experiments to discover the combustion -1imits of nitric acid — 
with mixtures of CH30H, NH3 and water were also undertaken. 
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JAPANESE TORPEDO PRODUCTION 


Manufacture 


The main Japanese ship torpedo manufacture was centered in six naval ar- 
senals and one civilian firm, with assistance from three major private 
subcontractors and numerous small-parts manufacturers, Major produeers 
and subcontractors of modern torpedoes are. shown below: 


Location (See Figure 162) Torpedo Type Details 


‘Yokosuka Arsenal .18" Type 02 Manufacture of complete tor- 
Kure Arsenal . 24" Type 93 pedoes, less warheads, fuzes, 
: 18" Type 02 igniters, and gyroscopes. 
a 18" Types 97 & 
ot ae -. + OS (before war) 

Sasebo Arsenal ; _ 24" Type 93 
Maizuru Arsenal ~ : 18" Type 02 : : 

Hikari Arsenal 21" Pype 95 Complete torpedoes except ex- 
: iS plosives and igniters, 
‘Kawatana Arsenal. 2l" Type 95 Complete torpedoes except ez- 
; ae plosives and igniters. 

Nagasaki Heiki Co. - ~ 21" Type 95 Complete torpedoes except ex- 

aa fa . plosives and igniters. 


(All the above establishments’ assembled complete torpedoes and ranged them., 


Aichi Heiki - Afterbody sub-assemblies) Subcontractors for the 
; ; only for the above types above Navy Arsenal; not 
Kyushu Heiki .of torpedoes including direct order from Navy 
oo engines Department. 
Matsuyama Heiki 18" engines 


In addition to the above named producers, many other naval and private 
establishments were engaged in production of individual parts and smaller 
sub-assemblies for the use of the major plants. This production is shown 
below: , 


Detail Torpedo _ Controlled Firm : @ 


Explosive and detonators . All types - ‘Third Naval Explosive Factory, 
ats * he : a MAIZURU 
Pistol eo els _ All types MITSUE SEIKI, TOKYO SASEBO 
so ei a fo , : . Arsenal 
Heads. -..-- | All types AICHI HEIKI, MAIZORU 
Oxygen vessels raw 24°,21" & 18" KURE Arsenal NIHON SEIKO, 
materiel == Pieter gt MURORAN SUMITO SEIKO, OSAKA 
--Smal] Hp vessels — Many types SUMITO SEIKO, OSAKA 
‘A.R. copper. tube (used - Many types SUMITO SEIKO, OSAKA 
instead of copper. about 
1941) BE, ee Ge Se oe fe : ‘ 
- Stainless steel castings Many types SUMITO SEIKO, OSAKA 
“Low pressure castings Ech : TEIKOKU TOKUSHU CHUKO 
ory SOs eons 2 we (Imperial Special Foundry) 
Propeller material . , Many types SUMITO SEIKO, OSAKA 
Drop forging-materials Many types KOA SEIKI, OSAKA 
‘yp valves: -RIKEN KOGYO, OSAKA 
“eet, NIHON TANKO, AMAGASAKT 
: , ‘MEISI KIKAI, TOTTORI 
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» Detail - i Torpedo Controlled Firm 
“Depth gear , ' Many types AMANO SEISAKUSHO, KAWASAKT 
ye I. 3 MITSUI SEIKI, TOKYO 
Gyroscopes oy “Many types RIKEN KOGYO, NIIGATA 
2 ; MITSUI SEIKI, TOKYO 
Oil and water pumps Many types SHIMAZU SEISAKUS YO, Kyovro 
il distributor : us Many types SHIMAZU SEISAKUS YO, KYOTO . 
educer = 1 Many types TOKYO RIKA, TOKYO 
Forebody details, shell, 24" KURE, TSUYOSHI SEISAKUSHC, EHIME 
ribs, oil bottle 3 _ SASEBO. .. - 
ae Bote lvegageget er Bettas SG - 2h) AICHI, NAGOYA 
Ses 3 21") KURE 
a aoneen ; 1g MATSUYAMA HEIKI, EHNIHE 
Engine ere oe : . er ISHIBASHT JUKO, SHIMANE 
Lieu bir Genin vea ate MATSUBARA TESS TUKO, OSAXA 
’ propellers: - on _ All types =  KURE, SASEBO 
Output... 


Some data on the number of torpedoes produced from 1931 - 1945 were obtain- 
ed from the U.S. Strategic Bomb Survey. No differentiation appeared to 
have been made between the types of the various diameters so Figurs 163 
gives only the total production and cannot be split into types, except in 
the case of the 18" Type 02. From the curve it is clear how small the num- 
bers were — quite inadequate for the services for which they were intended. 


Drawings 


All Japanese engineers work to a Japanese system called Japanese Engineer- 


ing System for tolerances ("JES"). ° 


"In torpedo drawings it is the practice to: 


(1) Run together a number of sections’ to show the functioning of the 
(2) mt to employ. any hatching. 

Machine Shop Facilities 

No modern machine tools were available. Grinding was. employed where re- 


_ quired on details except large pressure vessels; these were turned with 


tungsten-tipped tools. Thread grinding was used for the bevel gears of the 
engine shafting. : 


-. Hand fitting was employed and there was no mass production in the Suropean 


sense. : 


Engineer officers inspected production, and plant executive officers super- 


“vised ranging. All were subject to orders from the chief production manae- 
ger e Pie 
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Type 10 


Construction: 
Power Unit: 


State of Development: 


Dinenatons and Performance 


ke 
a lbs 
“. Performance 
_. (1) Speed kt 
ee Range m 76,000 
beet . yds 25,332 
(2) Bpeed kt 20 
- - Rango m . 43,000 


Range m 23,000 
RS) gag. 25,162 
fetal weight 

ieee ee Keg - 8,000. 


Buoyanoy. kg 
Volume liters 
i £t3 
Se tases Weight ke 
aa . ibs 
Weight of charge vt 
beers 8 bE 


1 we 


Ay 


3 
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Pilot's cockpit and two external 
air vessels for controls added 
to the Type 92 electric torpedo, 
Electric motor end batteries, 
Propelling mechanism of Typs $2 
used, 

Under development - abous sis. 
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Detail : Torpedo Controlled Firm 
Depth gear Many types AMANO SEISAKUSHO, KAWASAKT 
, MITSUI SEIKI, TOKYO 
Gyroscopes Many types RIKEN KOGYO, NIIGATA 
Ee a MITSUI SHIKI,: TOKYO 
Oil and water pumps Many types SHIMAZU SEISAKUS YO, KYOTO 
il. distributor 2 ‘ Many types SHIMAZU SEISAKUS YO, KYOTO 
educer ‘ Many types TOKYO RIKA, TOKYO 
Porebody details, shell, 24" KURE, TSUYOSHI SEISAKUSHO, EHIME 
vibs, oil bottle ae SASEBO- : 
; 2k," ) . AICHI, NAGOYA 
21") KURE 
: 1g" MATSUYAMA HETKT, EHIME 
Engine ai" ISHIBASHI JUKO, SHIMANE 
: ; ; MATSUBARA TESS TUKO, CSAZA 
Propellers — All types KURE, SASEBO 


Out put 


Some data on the number of torpedoes produced from 1931 - 1945 were obtain- 
ed from the U.S. Strategic Bomb Survey. No differentiation appeared to 
have been made between the types of the various diameters so Figure 163 
gives only the total production and cannot be split into types, except in 
the case of the 18" Type 02. From the curve it is clear how small the nun- 
bers were - quite inadequate for the services for which they were intended. 


Drawings 


All Japanese engineers work to a Japanese system called Japanese Engineer- 
ing System for tolerances ("JES"), - 


In torpedo drawings it is the practice to; 
(1) Run together a number of sections to show the functioning of the 
(2) Ree ts employ any hatching. 

Machine Shop Facilities 


No modern machine tools were available. Grinding was employed where re- 
quired on details except large pressure vessels; these were turned with 
tungsten-tipped tools. Thread grinding was used for the bevel gears of the 
engine shafting. 


Hand fitting was employed and there was no mass production in the Zuropean 
sense. . 


Engineer officers inspected production, and plant executive officers super 
“vised ranging. All were subject to orders from the chief production mana- 
ger. > 
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KAITEN TORPEDORS 


{See NavTechyap Report, "Japanese Suicide Craft", Index S-02.)3 
General Particulars 
Se LC ULEL S 


The. KAITEN or "human torpedo" derives its hame for Kaiten igyo which means 
"a great undertaking," 


In'view of the unfavorable trend of the war in 1943 from a Japanese point 
of view, suggestions were put forward for the use of a "human torpedo" in 
an effort to restore Japants waning fortunes. At first the suggestions 
were disregarded by the Japanese Naval Staff, but it was later agreed that 
experiments should be undertaken. Research began in January 1944. 


In June 1944, the first model of the KAITEN (essentially Type. 93, Mod. 3 
torpedo, without the warhead) was built, The Type 93 fitted into the 
after end of the sheil of the KAITEN, which was one meter in diameter, 
The: gyro was replaced by an electric gyro fitted in the pilot's cockpit in 
which speed and depth controls also were fitted. 


This first experimental model was not fitted with a forward A.V., and pre- 
. liminary trials were run without a pilot and with ballast in place of for- 
ward A.V. ‘ 


Weight of model _ 8000 kg 
Positive buoyancy 3000 kg 
Trim Bren 


Diving trials were carried out using rudderg only, but it was found that 
recovery was too sharp due to Large positive buoyancy. The latter was Tre- 
duced to 100 kg and a running angle of 1~3° nose-down was used, a: 


When travelling on the -surface, the pilot's vision became obstructed with 
Spray. To obviate this difficulty, a requirement for a surface speed of 

less than five knots was ut forward. For & speed of five knots the rex 

ducer pressure is 3 ke/on 4nd this is considered the minimum pressure 


which is consistent with smooth running. Thus five knots is the minimum 
speed attainable with engine running. 


Cruising speed 12 knots 
‘Other speeds 20 knots 


30 knots 


transport of KATTEN 


The KAITEN is conveyed to an attack position by: 


{2} Submarine ; 
(34 Cruiser or destroyer (never actually used) 
3 : 


Land transport 
The following classes of submarines carried KAITEN: 


I - 363, 366, 367 5 KATTEN 
I =~ 36, 47, 53, 58 6 KAITEN (formerly 4) 
. I~ 156, 157, 158, 162 2 KAITEN 


The. KAITEN is fastened to the deck of the submarine with a clamp ring and 
‘rests on wooden blocks, A tube, large enough for the passage of the pilot. 
from the submarine to the KAITEN, connects the submarine with a hatch in 
the bottom of the KAITEN, , 
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Before the pilot enters the KAITEN, the first liquid bottle is charged and 
the cockpit blown through from the submarine to remove residual fumes of 
carbon tetrachloride. The pilot then gnters through the communicating tube, 
and the submarine which is at periscope depth (about 9 meters) gives the 
pilot final instructions regarding target, speed, course, etc, by telephone, 
The navigator of the submarine informs the pilot of the course which he 
should follow to intercept the target. 


The KAITEN is released from the submarine. If the KAITEN is forward of the 
conning tower the pilot starts his engines before release to avoid being 
fouled by the submarine. 


Attack Procedure 


The point of release is about 6000-7000 meters from the target. The KATTEN 
follows the course (controlled by gyro) set by the navigator of the sub- 
marine, at six meters depth for a calculated time and then surfaces. At 
this point the target should be about 1000 meters distant. The pilot ad- 
justs his course so that the KAITEN will strike the ship and then dives to 
the most suitable depth (consistent with ship's draft) for travelling the 
Temaining 1000 meters. If the pilot misses his target he surfaces, changas 
course and makes a second attempt. 


In the case of launching from land, a launching slip or ramp is used. 


Types 


In all there are four types, the main dimensions and performance of which 
are shown in the table which follows; 


Type 1 


Construction: Superstructure, pilot's cockpit, controls and forebody added 
_ to Type 93 torpedo. 
Power Unit: Wet heater cycle using oxygen. Propelling mechanism of 
Type 93, Model 3 torpedo used unchanged, 
State of Development: 330 production models made and used in service, 


Type 2 
Construction: Specially designed, based on the experience gained with 
Type 1. 
Power Unit: ‘Hydrogen peroxide and hydrazine hydrate, wet heater cycle, 


sea water as diluent. LEight-cylinder, two-bank, vertical 
engine. ; 


Bore 185mm (7.29 ins) 

Stroke 200mm (7.88 ins) 

Output 1500 hp 

PM 750 

State of Development Under development - two made, 


Type 4 


Construction: Specially designed 
Power Units: Oxygen, wet heater, sea water as 
diluent. The same eight-cylin- 
der, two-bank, vertical engine 
: as in-Type 2, 
State of Development: . Under development - about 50 made. 


‘ 
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Type 10 


Construction: Pilot's cockpit and two external 
air vessels for controls added 
to the Type 92 electric torpedo. 

Power Unit: Electric motor and batteries. 
Propelling mechanism of Type 92 
used. 

State of Development: Under development - about six. 


Dimensions and Performance 


Type 1 
Type 1 Mod. 1 ‘Type 2 Type & Type 10 


Diameter 
100_—C«z. 100 "135 135 53 
3205 3.05 412 hol2 1.72 


1450 1471, 1650 1650 900 
ft A5 45 50632 50032 2925 
Wt. of explosive 


ke 1550 1550 1550 1800 300 
lbs 3410 , 3410 3300 3960 600 
Performance 
(1) Speed: kt 12 12 20 20 7 
Range m 78,000 78,000 - 83,000 62,000 35,000 
yds 85,332 ° 85,332 90,802 67,828 38,290 
(2) Speed kt = = 20 20 30 30 
Range m 43,000 43,000 50,000 50,000 38,000 
yds 47,042 47,042 54,700 41,572 
(3) Speed kt 30 30 40 L0 
Range,m 23,000 23,000 25,000 © 27,000 
yds 25,162 25,162 27,350 29,538 - 
Total weight 
ke. 8,000 8,300 18 ,370 18,170 
tons 8.05 8.17 18.08 17.87 


KAITEN, Type 1 and Type 1: Modification 1 
Particulars 


Additional particulars of KAITEN Type 1 are as follows (See Figure 164): 


Type 1 
Modification 1 


Date of Production. 1945 

Number Produced 230 

Reserve Buoyancy kg 100 
, / ibs 


220 
Trin 
Oxygen Vessels — Volume qAnere 
- £t 


Weight kg 
ibs 


kg 
lbs 


Weight of charge 
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Steering air 6 bottles in body 8 bottles in body 
20 liters each 20 literg each 
3 bottles in: tor- 
pedoes 


13.3 liters each 
Total tt terg 160 
2 ft 5.65 
Trimming te 2 tanks 


8&0 liters seach 
Total nrnSry 160 

‘ ft 565 
Negative Tank liter none 
tt- none 

Fuel ; Volume. literg , 196 : 

ft 6.92 
. Weight ibs 3535. 
Propulsion System. 


Carbon Tetrachloride Bottles In Porpedo In Cockpit 
Buffer Chamber Capacity-liter 505 5.5 
in- 33526 335.6 | 
Engine Type Reciprocating, 
two cylinder, 
double-acting 

Horsepower ‘ 550 550 


The afterbody of a 24" Type 93, Model 3 torpedo was used. In. addition the 
mechanism for closing the hatches was improved and the controls generally 
Simplified in the Modification 1, ; 


General Description 


A view of the weapon is shown in Figure 165, 
‘Head 


. The KAITEN was fittea with 

same weight and shape. 

and are of streamlined form. .In 
sel and steering bottle ends proj 


Exercise Head 
eee ead 


The head is fittea with a buoyancy chamber of 600 liters capacity and has 
two blowing mechanisms: 


1- Pilot operated, 
2- Automatic mechanism which blows if KATTRY goes below a certain 
depth. - 


The mechanism consists of a spring-loaded hydrostatic valve, the tension 
on the spring being adjusted to suit the pressure, 


Both mechanisms operate on the same chamber. Since the automatic Mmechan- 
isms always Operated too late, it was normally set to Open at a pressure 
Slightly lower than necessary. The hand control was formally used and 
latterly, only the hand control mechanism was fitted, 


Warhead 


In this instance no blowing compartment wags fitted, the whole head being 


326 








1 


TYPE 


FIGURE 165 


GENERAL VIEW OF KAITEN 
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i 
RAITEN TYPE 1 (END VIEW) 


FIGU 


FORWARD COMPARTHENT 
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‘fillea with explosive, 


re fitted, one electric 
The two 


. Midship Section 


This is made in two parts welded together, 


The forward section contains the combined oxygen and fuel vessels of the 
jxps.93. Model 3 torpedo, steetine air bottle and rorwara trimming tanks, 
(See Figure 466..) 


The central section is the control reom and is placed between the.two 
zygen vessels, it eontaing: 


Two hatches, upper and lower 
Periscope and itg elevator 
e@ 


ing wheel for vertical rudders 

Controls for starting, depth, speed and direction 
Electric &yroscope 
Pistol safety device release 
Firing key for detonator 

'elephone 
Batteries (12) 
Negative trimming tank (Modification 1 only) 
Sodiun peroxide tin 


| Steering 
The electric 
its init 


Phe Steering air stop valve is in the t's cabin and ig opened by the 
kg/om: 


Pilot. Air at 200 (2840 1bs/in & admitted te the Servomotor disc 
from which low Pressure a © the Steering engine by 
Piping. High pressure air ig also supplied to the Gyroscope sinee 

dise Teducers are in the casing, 7 


Depth Contzo1 
Veriation in the depth is controlled through rods and gearing by adjusting 
a : 


be tension on the depth gear spring. The depth t3 recorded on a gauge 
Similar, but of smaller size, to that used in a submarine, 


trim Control 
There are four trimming tanks, two forward and two aft, situated in the 
lower half of the body Surrounding the Oxygen ¥Yegsels, Adjustment ig mode 
by admitting water, : 


In the Modification 1 a fifth tank is titted in the center ana is called 
ithe negative tank. This is flooded to Submerge at the start of the run, 


During the run the weight of the KAITEN decreases due to the drop in pres- 
Sure in the vessels so that the control becomes bad and it 1s difficult to 
‘submerge, : 
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na 


By venting tne tanks, water can be admitted either to one tank alone to ede 
Just the trim or in equal quantities to one ferward and One aft to naintain 
the trim while submerging. 


an inclination gauge indicates whether the torpedo is positively or nega- 
tively buoyant, since the Tunning angle will be up when the torpedo is 
negatively but fart and vice ‘versa, ~ , + 7 


The oxygen, consumption is approximately: 


minute (14.2 1bs/in2) at a speed of 12 knots 
3 kg/aiaute 42.6 1bs/in2\ at @ speed ef 20 knots 
7 ke/minute (99.4 1bs/in?) at a speed of 30 knots 


The corresponding decrease in weight is: 


2 kg/minute ( 4.4 lbs/min) at a speed of 12 knots 
6. kg/minute {13.2.1bs/min) et a Speed of 20 knots 
14 ke/minute (30.8 lbs/min) at a speed of 30 knots 


The pilot has an indicator to show the weights of Water entering the tanks. 


Firing Key for Electrige Detonator 


This 1s a pistol handle which the pilet grasps. At the instant of impact 
his weight ig thrown forward, closing the switch, 


Telephone 


8 a telephone which was used, when the KATTEN was carried 

On @ submarine, to talk to the captain or navigator, It was of the stane 

bene gun turret type. There was also a set of leads for charging the bat- 
eries, 


, Sedium Peroxide Tin 
The sodiun peroxide was e¢ The powder was poured into the 


lid of the tin where it absorbed CO2 and gave orf 
oxygen. @ or six hours depending upen the 


After Ena 


A Type 93, Model 3 torpedo minus its head is fitted into the main compart 
ment for a distance of 172 cm. (See Figures 167 and 168.) 


A steel fairing is used to get streamlining between the body and the tor= 
pedo, C ‘ 


Charging of the vessel with oxygen oan be done from inside the pilot's cone 
ere room = necessary, but hormally it is charged before being assembled 
to the unit, ; 


Power Unit 


Starting and stopping is accomplished by a fore and aft motion of a rod 
connected to the tube~starting lever, No water flap is used, 


The reducer settin 
reducer spindle, 
that the correct 
Plug is fitted to 
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FIGURE 167 
AFTER END OF HIDSRIP SECTION 
93 TORPEDO READ 
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not used. 
" ‘The approximate reducer pressures are: 


4266 Ibs/in2) - 3~5 knots on surface 
127.8 lbs/in2 12 knote eubmerged 
284 = 1bs/in2). 20 knots 
568 = 1bs/in2). 30 knots 


The wexinnin Teducer pressure ig Sinilur to thes of the Type 93, Medel 3 
torpedo, but. the Speed is.19 knots less. 

Oxygeh from the after vessel passes forward te the Pilot's control Treen 
where a step valve geverns the supply from both vessels, Incerporated with 
the stop Valve is the carben tetrachloride unit, From the valve the Oxvgean 
is lead to tae greup by. an external pipe. 


fhere are twe fuel containers, connected. sefies. Water from the buffer 


chamber G@leplaced fuel in the forward . bn: first. External Piping is uge 
Bade 


me Iptuieating 011 systen in the KAITEY is differant trom that in the ype 
B32 t 


orpede, The eil is digplaced by sea water from outside the body. Orig- 
inelly a second 011 bottle was fittea in the shall but it was found un- — 
necessary since the Coasumption was low,. 


Controls 


The oe eeee rods are arranged along the shell of the torpedo, y are 
itted with Heoke'a joints and. pass threugh a supporting bracket, bolted 
© the T<shaned guide on the oxygen wessel shell, Through this bracket 

Also passes the rods fer the hand operated vertical rudder, 


Fins find Rudders 


fhe area of the fins and rndders is inereased absve that of the Type 93, 
_ Model 3 torpedo in propertion to ‘the cross=sectional area of the KAITES in 
bach. direction, 1.6. herizentally and vertically, : 


Pr opeliers 


_ Phe standard type. 93,. Medel. 3 torpede propellers are used. 


- Detects in Service 
Water Leaks — 
Ia the Moeael 1, leakage 
hatchss and through the ¢ 
together. Subsequently the hatch des 


Welded together. Leakage did not occur t 
meters. : : 


The ‘notaer submarine would leave Japan and ~iise for two er five days 
en the surface until reaching Allied-ocoupied waters, when.it would sub- 
merge to a depth or 30 te 40 meters, surfacing only at night. 


Under these conditions the power unit of t 

water pressure of 3-4 ke/ome £ ; ater logged. on 
ons when sea water reached the group, explosions had Occurred; due, 

it was stated, to oil picked up from the engine, 
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- (i 
Many measures were taken to prevent this wator leakage, such as fitting a 
rubber plug in the tail shaft and a rubber sheath between the propeller «= 
shafte. © latter was sheared when the propellers started to revolve. In 
the diluent sea water pump, & amall hole was drillea@ in the cap to allow 
the water pressure to assist in keeping the valve closed. 


It was not found possible however, to exclude the water. Experiments 
carried out on atarting with the engine and leads filled with water showed 
that explosions would oscur in two out of every five torpedoes fired, 


‘Arrangements Were therefore made to displace the sea water through a drain 
bole in the valve cheat, air pressure being supplied by a amall hand pump 
‘operated by the pilet. . es 


O2rogion 


iiguid 20 occurred due to the presence of carbon tetrachloride, 


iquid leaked from the Bottia into the group or reducer they would rust ip 
wo or three days. When ‘no ieakage vacurred the valves remained service. 
able for about two weeks, . 


i: prevent this, waterproof grease was apread Very thinly on the valve of 
he group and the spindle of the reducer, In addition, if possible, the 
valve of the group wes cleaned shortly before a firing. Reliance was plac~ 
65d on the presence of the carbon tetrachloride to prevent explosions by 
weshing it away, As. a further precaution carbon tetrachloride was poured 
into the oxygen delivery stop valve, 


Those two heasures were successful in preventing the corrosion, but the 
leaning routine wag not discontinued because -of the danger of go much oil 
Seite left in the pipes that tke quantity of carbon tetrachloride would be 
Ansufficient to wash it all away. 


KAITEN Type 2 _ 
Historical 


£0 parallel with the develapment work on KAITEV Type 1, the Japanese Naval 
aff decided that an investigation should be undertaken ef the potentiali- 
ties of hydrogen peroride as am oxygen carrier for a new type of KAITEN. 
equirement was put forward to the Mitsubishi-owned company of Naga- 
Seki-Heiki K.K. &t in April 1944. Tho latter company was already 
experimenting with hydrogen peroxide for tha "RS. Rocket" and for aircraft 
Fassisted take-off." 


German Information 


The information on hydrogen peroxide sent to Japan from German sources 
Was meager. No great. detail was received, but rough explanatory drawings 
(non-dimensional) and photographs of the following were furnished: 


Turbine pump for suppling perexide and hydrazine hydrate 
Controlling valves 

‘Combustion chamber 

Spraying nozzle 

Rough data on the peroxide torpedo systen 


With the exception of the data on the peroxide torpedo, all the above ine 
formation concerned aircraft systems. No peroxide torpedces were received 
from Germany, . 
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Tactical Requirement 
The Japanese Naval Staff formulated the following requirements for KAITEN 
2: 


(1) Speed - 50 knets 
(2) Range 55,000 yards 
(3) Must be capabie of diving to 300 feet. 


These were modified later in view of technical difficulties, 


Work at Nagasaki Heiki K.K. 


In May 1944, the Naval Technical Department, TOKYO, dacided that the Tor- 
pedo Department should Piaya more active part in the development of KAITEN 
2- AB @ result, Lieutenant Commander H. KAWASE of Kure Torpefo Department 
was directed to collect available information on hydrogen peroxide propule 
_Bion systems, 


As &@ sterting point in hig work, KAWASE made a visit to NAGASAKI to dis- 
cover how far Nagasaki -Heiki K.K. had progressed in the development of 
KAITEN 2, and to collect all the information on hydrogen peroxide that this 
company possessed. The following data were obtained: 


1. SUGGESTIONS FOR R.S.*ROCKET : 


(a) 80% hydrogen peroxide (H202) 
(b) 40% sodium permanganate @nauno, ) 


2v2 

40% NeMn0,, Weight Ratio 1/18 

(o) bon Beane chamber temperature 400°C 

(6 202 
80% hydrazine hydrate (NoH),H20), Weight ratio 1/16 
Resulting chamber temperature 1000°C 

(a@) 60% H202 

80% N2H),.H20, Weight ratio 10/1 

Resulting chamber temperature 600°C 


In the last case, the excess oxygen formed by the decomposition of the 
peroxide.can be burnt with methyl. alcohol. 


All the above information on the R.S. Rocket had been obtained from Ger- 
many, but had not been verified by experiment in Japan by May 1944. Twe 
engineers (FUKUDA and MUKUGI) at Nagasaki Heiki K.K, had begun preliminary 
experiments, in collaboration with the Mitsubishi Aircraft Manufacturing 
Coe., at NAGOYA, 


20 COMBUSTION EXPERIMENTS 


In an effort to obtain the result stated in 1 (c) above, combustion experi- 
ments with a Type 95 torpedo generator were carried out at Nagasaki Heiki. 


Pressure of supply — 18 kg/cm? (255.6 1bs/in?) 
gon Nene ° H20 . Weight ratio 1/1.6 
_A temperature of 1000°C was sought. 
The reactants were fed through the generator head as follows? 
N2H),-H20 Center of head 


H200, Around N2H,.H20 


Nozzle 
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Fuel Through holes around the nozzie 
Watest Tkrough outer cirele of holes 


The feeding valves were gpened in this order: 


Time (seconds) Valye 
Hydrazine hydrate 


L Hydrogen peroxide 
5 ye Fuel 
7 ‘Water 


These valves were closed in the order: 


(1) Fuel | 

(2) Hydrogen peroxide 
} Hydrazine hydrate 
kL) Water 


These first experiments. were qualitative. Combustion was smooth, produc 
ing a steady supply of superheated steam. 


Ordinary cepper pipes were used for eonveying the reacting liquids to the 
generator head. The supply bottles of peroxide and hydrazine hydrate were 
made of steele. oe 

me 


3. N" APPARATUS 


fhis apparatus was designed on the rocket principle and aimed at an "assist- 
ed teke-off" for aircraft. It consisted of a steel cylinder which tapered 
at the after end to a venturi. 


The dimensions ef the unit were approximately: 


Length 10 feet 

Diameter 18 inches 
Weight 1600 pounds 
Ratio H70g(86s) /NaMnO, (40%) 18 


wo vottles, one containing 80% peroxide the other 40% sodium permanganate 
were fitted in the cylinder. These liquids were fed to a combustion chane 
ber by compgessed air carried in two bettles in the unit. The products of 
combustion exhausted from the venturi with a jet action. Combustion was 
not smooth. 


fhe propulsive power of the unit was measured by attaching a 1000 pound 
weight beneath the cylinder and suspending the whola unit from two ropes; 
when the jet action started, the unit swung forward and upward on the 
ropes; by means of a pen tracing system, it was arranged that the movement 
of the umit traced its own curve. From the curve, the propelling force 
could be calculated. . 


he EXPERIMENTAL KAITEN DESIGN 


Nagasaki Heiki K.K. was in the process of designing a KAITEN torpedo to 
run on peroxide and hydrazine hydrate. The proposed dimensions were: 


Total Weight 18.1 tons 
# Displacement 16.1 tons 

Length 47.6 feet 
Diameter 5.0 feat 
Speed . 35 knots 
Range 87,000 yards 
Power 1,000 hp 
Running time at full power 5,000 seconds 
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Fer the propulsion system of this torpedo, the use of two Type 93 engines 
was envisaged, : 


A Type 93 oxygen vessel was Carried in the Torebady and this vessel sup- 
poise campressed air for feeding the peroxide, hydrazine hydrate and fuel 
© the combustion Chamber. 


60% H.0 80¢ N eH50 Fuel 
o0% Hala 9% N2H, He 


PYeistize of supply 

(1)  kg/om2 40 40 4 
(2) 1bs/in? 570 570 570 

Belume of vessel 
. 1) lifers 3700 500 920 
. 2) tt. 131 18 33 

Weight -of iiquia 
a uf ke 5000 500g 
2 lbs 41,000 1100 1650 

Weight of vessel 
, 1} 3600 836 1520 


kg 
(2) lbs 7920 1826 3344 
A torpede to thig design was never built, 


Pollewing KAWASE’sS Visit to eet the Naval Technical Department made 
& gurvey oF the information, avaliable in Japan, concerning the use of cone 
centrated solutions of hydrogen Parezide for propulsion systems, AS a ree 
Bult, it was decided that the Torpedo Research Department in KURE sheuld 
undertake an investigation into the use of ceéncentrated hydrogen peroxide 
and hydrazine hydrate for torpedo prepulsi 

oP Staff requirements for KAITEN 2, ! 

in charge of the physice-chemical rea¢@arch involved, 

daborotion with the chier torpede designer at KURE, C 


Experiments at KURE. 


remarkable for its Speedy, methodical Progress, its Practical nature (trem 
point of view of torpedo Propulsion) and its freedom from accidents of any 
magnitude, 


of vapour, 
observations, 


The two reactants, hydrogen peroxide and hydrazine hydrate were called by 
the Japanese #,jn liquid and "B* liquid respectively; for the sake of sim. 
plicity, thia nomenclature will be used often’ in the following descriptions, 
in this work 80% peroxide and 80% hydrazine Hydrate were used, 


Controlled Combustion 
LL A RNS Mey 


Liquids "A" and "BP were Placed in tin-plate containers (99.94 purity) 
which, in turn, were placed inside Type 94, torpedo generators ag a safety 
Precaution, The head and outlet of the generators were closed with steel 
Plates belted into Position. Each generator cover wag fitted with two 
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: FIGURE 169 
TEST CELLS FOR HYDROGEN PEROXIDE EXPERIMENTS 


FIGURE 170 
TES? CELLS FOR HYDROGRN PEROXIDE EXPERIMENTS 
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steel feed pipes (tin plated by dipping). These pipes were used for sup- 
plying a feeding pressure of compressed air to the bottles, and for convey~- 
ing the liquids "A" and "B" to the combustion nozzle. (See Pigure 171.) 


The nozzle was rated to deliver the calculated quantities of reactants req 
quired. In addition, the relative quantities of liquids "A" and "Bx placed 
in the bottles were fn the same ratio as that required for combustion, 
Thus, if the nozzle was rated to deliver two parts of "A" to one part of 
"B®; then the liquid "A" bottle contained twice as much fluid as the liquid 
"BY bettie. This precaution was observed in order to avoid using more 
liquid than that exactly required for the proposed experiment. Thus at the 
end of the experiment air could be blown through the whole apparatus with- 
out unnecessarily wasting material. 


In the case of a ratio of "A"/"BY = 2/1 fea by @ pressure head of 1 kg/cm2 
(14.2 lbs/in*) gradually increased to 5 kg/emé (71 lbs/in2), the following 
observations were made; 


Vigorous reaction 
Smooth combustion 
Bluish flame 
Very noisy 


Nozzles 


It was discovered that unless liquid "pr (hydrazine hydrate) is introduced 
into the reaction zone as a thin unbroken film, the reaction with the per- 
oxide is more noisy and less smooth. In an effort to fulfill the best con- 
ditions for introduction of liquid "B", the design of nozzle illustrated 

in Figure 172 (a) was tried. Although this type of nozzle emitted liquid 
"BY as a thin film, the latter was frequently broken and the combustion wes 
not smooth. The design was abandoned in favor of that illustrated in Fige 
ure 172 (b). In the latter design, a 'swirler' was included in the "B" 
liquid nozzle and the shape of the nozzle mouth was altered. This design 
proved satisfactory and ejected an unbroken thin film ot "BY" liquid. Com- 
bustior with this nozzle was smooth. The section on generator design deals 
with the latest types of nozzles. 


Im every design, a steel skirt was used around the nozzle and on this sur- 
face the reaction takes place. The Germans used this skirt in their early 
experiments, but later abandoned its use. The Japanese continued to use : 
it in all their designs and found it necessary for satisfactory combustion, 
fn accident occurred during these combustion experiments, One minute arter 
the end of one experiment an explosion took place and destroyed the combus- 
tion nozzle. No one was hurt. The explosion was said to have been caused 
by hydrazine hydrate draining out of the nozzle and dripping into an ace 
cumulation of peroxide on the steel skirt, Subsequently, air was blown 
through the apparatus at the end of each experiment until all the liquids 
were exhausted, and a water spray played on the front of the nozzle. 


Investigation of Catalysts 


In order to render the decomposition of hydrogen peroxide by hydrazine 
hydrate rapid and complete, an investigation was made of possible cataly- 
tic agents. The Germans had suggested the use of potassium cunrocyanide 
(K3cu(ON); } as a catalyst and the activity of this material was tested by 
the Japanese in a series of experiments outlined below. Potassium cupro- 
eyanide is soluble in hydrazine hydrate and is always introduced to the 
reae@tion zone via liquid "Br, 
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FIGURE 172 (a) 
EXPERIMENTAT, NOZZLE FOR KAITEN TYPH 2 


(1) Experiments using "A"/"BY ratio of 4/1. 


Parts Consumption Supply Pressure 
Material {liters/min) (ke/cm*) 


“tan 4A 2296 2 
"BA 1 1.0 2 


Observations: 


‘ (a) Without catalyst 
Reaction good, almost complete 
Flame slightly reddish . 
(b) With 2 gm K3Cu(CN), per liter of liquid "B" 
Reactian good, almost complete 
Flame greenish (due to copper) 
. Slightly smoky (perhaps due to HEN) 
(c) With 5 gm K3Cu(CN), per liter of liquid "B" 
Reaction good, almost complete 
Flame greener, more smoky 


Experiments using "A'"/*Bt" ratio of 10/1. 
Material Parts = _ Consumption Supply Pressure 
: (by weight) (liters/min) (ice/ome ) 


W1,if 10 7 oh 
wet 1 1 
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PIGURB 172 (b) 
EXPERIMENTAL NOZZLE FOR KAITEN TYPE 2 
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¢ Observations: 


(@) Without catalyst 
Reaction incomplete 
Flame red and irregular, often extinguished 
(b) With 7 gm K3Cu(CN);, per liter of Liquid Br 
Reaction g00d, almost complete 
Fliane steady, very green 


Fron the. foregoing experiments, it will be sesn that the activity of pot- 
assium cuprocyanide is not very noticeable when the ratio of ran/"Bs is 
Small, The quantity of hydrazine bydrate, under these conditions, igs 
sufficient to decompose the peroxide almost completely, 


In the case of a large *an/upr Tatio, however, the reaction is poor ang 
complete decomposition of the peroxide goes not take place unless e cata- 
lyst is present. From a practical point of view the cass of a large 
"An/*B. ratio is the moze important ane; s: aim is to decompose a 
large quantity ef peroxide and burn the liberated Ozygen with fusl. (TI# a 

quantity of hydrazine hydrate is used to attain the desgizad end, 
there will be a lack of economy in material and the resultant temperature 
of the reaction may be too high}. 


The Japanese decided upon the use of potassium cuprocyenide as a catalyst, 
and in their later work used a concentration of 2 gu/liter of liquid "5, 


Other Catalysts 


Other material which were investigated, but which did not show marked cats. 
lytie activity in this reaction were: 


Silver nitrate Ag No 

. Potassium ferrocyanide yo (CN) 
Potassium ferricyanide K3Fe(CN) ¢ 
A lead compound ? ? 


Combustion Chamber Experiments Bt KURE (10 October 1944) 


These were carried out using a Type 93 torpedo generator body, fitted with 
@ specially designed generator head. The peroxide reaction nozzle was 
fitted with a skirt and the two fuel inist pipes were also fitted with 
short steel skirts. 


The rating plugs were made to deliver the following quantities at a preg. 
gure of 1.5 Kgyem® (21 lbs/in2): 


Deliverr 


(kg/min} 


"At Jigquid 2308 
"BY" Liquid 700 
Fuel u Zak 


Water : . 
During the experiments the moasured consumptions wers found to bs: 


Consumpt Phios, 


jon 
; BEDE ZOR 


(tbs) (sec) 


"A” liquid 
"B® liguid 
Fuel 
' Water 
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Gas analysis = The preducts of combustion were exhausted to atmosphere 
0 © generator outlet vent. Samples of exhaust gas were taken at 
two points in the exhaust Pipe, and analyzed, 


No. 1 Sample 
Time (mins) Hydrocarbon 02 H 
aie \mins) aYerocarbon 12 


0.5 Ak 14 Traé 
1.0 7.6 10.8 di, 
1.5 % 8 : 0.8 268 =. 


No. 2 Sample 


a = eee 946 7h heb 134 
1:8 Oc lek 2.0 om 18°¢ 
a em 6.0 1.2. 20:0 “a's 


The imperfect combustion indicated by these figures may ve attributed to 
two main factors: 


(1) The actual consumption of peroxide is less than the Tated quan- 
tity required. 

(2) During the experiment the steel skirt on the fuel nozzle was 
burned, and therefore, the fuel Was introduced to the reaction 
zone too early. The length of the fuel nozzle was subsequently 
increased so that the fuel was intredused into the generator at 
&. considerable distance from the "Ar and spr liquid nozzle, 


Typical Combustion Experiment - 


The results of a typical analysis during a combustion test are shown below, 
In this test a ratio nan /wEN of 4/1 was used at the start, until combustion 
became esteblished and then a second Tating nozzle wag switched into the 
circuit aftr about.one minute to give an "AN/"B® ratio of 10/1. 


Nozzle ratings 

Tine Weight Volume Supply Pressure 
(min) ratio "Aan/upn (liters) kg/em2 } 
Bh kiran, Se ea. aes 


10 2 
1 2 
~ 2 
- 2 


As in the previous experiments, gas samples were taken from two points in 
the generator exhaust vent, 
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I. 
Time (mins) Hydrocarbon 02 Ho 


0.5 1566 of 
1.0 0.9 0} 
105 ; Trace 1.6 
2.0 Trace 2.0 


we 


6.0 
C4 
‘Trace 
Trace 20,0 ‘ 


These data are typical for combustion in the KAITEN 2, Combustion was 
good, with only small amounts of hydrocarbon and Oxygen appearing in the 
exhaust gases. Combustion was smooth, with an almost transparent exhaust 
near the point of ejection. The products of combustion left the generator 
with a very high velocity; Mach’s waves could be observed in the exheust, 


Lemperature measurement: In these combustion experiments a thermocouple, 
atth the junction protected by a steel cover about 2mm thick, was placed 
just inside the wall of the exhaust pipe. The temperature recorded was 
abouts 200°C, Due to the proximity of the thermocouple junction to the wall 
and due to the steel cover over the junction, these temperatures measure- 
ments are not a true indication of the tempsrature of the exhaust gases, 
which are probably sonsiderably in excass of 200°C, 


Horsepower Experiment 


After about ten combustion experiments, of which the previously described 
one is a typical example, horsepower experiments were undertaken, The 
Type 93 engine was used and dynamometer measurements were made, 


Horsepower Deta . 


Second horsepewer experiment (18 September 1944). The data from this ex- 
periment are typical of the several horsepower experiments made, 


, 


Consumptions Vel. Weight Ratio. Rate of consumption 
i {liters) (kg) (by wt) (kg/min) 
miibotcankiiemmee 8 = SACRE “km nc neneen nn 


aw . 1.00 
"Bre - 6 0,09 
Fuel , 

Water 


By dynamometer: BHP 


Peroxide efficiency: 825 hp secsa/ke peroxide 
9.5 lbs peroxide/BHP hour 


This peroxide efficiency is the usuel figurefor KATTEN 2, but, in some 
experiments, an efficiency of 900 hp sec/kg peroxide was obtained. 
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Gas analysis 


IF 


Time ; 
(mins) COg Hydrocarbon 09 


Slide 0.5 28.0 1.26 
Valve 1,0 29.0 6 1.6 
1.5 28 oly : 
2768 
23 ok 8 34.06 


3302 28.6 
33.8 
29.6 
29.8 


Bwurw0o 
« @ + 0 
FOrFro 


ee 
tow 


e @ 
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In this experiment the feeding pressure was 20 ke/ om” lbs/in“). 


Peroxide Inhibitors 


Although not used with hydrazine hydrate, it is essential to uss inhibitors 
in concentrated peroxide solutions to reduce the rate of thermal decomposi- 
tion, Photo-chemical decomposition is not so {mportant since it can be 
prevented easily by storing in dark glass bottles or opaque containers. 


The Japanese have investigated a large number of {nhibitors, of which the 
majority have been mentioned previously in scientific literature fn con- 
nection with the stabilization of hydrogen peroxide. 


The following materials were testea: 


Acetanilide : Barbituric acid 

Phenacetin Thymol 

Urea Guinine Sulphate 

Orthophosphoric acid Aniline 

Phenol Hydroxy quinoline ("*oxine"™) 

Sedium pyrophosphate Pyridine 

Uric acid Pyridine dicarboxylic acid 
Tin dioxide colloid 


Of the above materials, the following were found +o be the most effectizes 


Orthophosphoric acid (H3P0, ) 

Scdium pyrophosphate (Wa,P307.10H20) 
Quinine sulphate 

Aniline 

Pyridine 

Tin colloid 

Oxine 


Of these, pyrophosphate, orthophosphoric acid, oxine, and tin colloid are 
the best. Of thess four materials, the first three are well-known stabi- 
lizers of hydrogen peroxide, but tin colloid ig not so well known, particu- 
lexly for concentrated solutions of peroxide. The tinvestigation of this 
material was carried °o at Sendai University under F. ISHISAWA, Professor 
of Tnorgaais Chemistry. An account of this investigation is given in En- 
elogure De 


fin colloid was not available for use in the standard inhibitors pefore 
the end of the war, ewing to the lateness of its discovery. 
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fhe inhibitor used commercially for the stabilization of peroxide for 
KAITEN 2 was a mixture of the following, in the quantity stated: 


gm/liter 80% H202 solution 
eS SOLU LOR 


‘Na, Po09.10H00 
oxtng 7 f 
H3P0) 


(The phosphoric acid was not used as an idahibitor in the aircraft iadustr;, 
Since it poisoned the catalysts used to decompose the peroxide.) 


Stability Tests 


With the above mixed inhibitor added in the quantity stated, peroxide was 
stored in clear glass bottles and kept at a temperature of 40°C, in dif. 
fused daylight, Decomposition took place at a rate of dess than 0.1% per 
day ° 


Parallel experiments carried out in tin beakers with the same inhibitor 
showed similar rates of decomposition, 


fe Sendai University stability tests were made with the following mizeg 


inhibitor: 
em/liter 80% H Oy solution 
nn Een 


Oxine 0.3 
Tin colloia 0.15 
Pyrophosphoric acid (HyP207) 0.2 


The inhibited peroxide solution was placed in a glass flask which wes heat 
ed in ® water bath to 100°C (peroxide was Probably at about 96°C}, 


Rate of decomposition 1 to 2% per day 


rman peroxide stability (with 
German inhibitors ’ anese say, decomposes at the rate of near- 
ly 5% per day wh he same test, 


Analysis 
For estimating rates of decomposition, Samples of the solution are diluted 
to staridard volumes and titrated with potassium permanganate, 


Life of Inhibitor . 
(moe mera qucl meena ai catatsecte ee ee 


he tate of decay of the activity of the inhibi- 
peroxide solution yellow, and ag long as thie color 

safely inhibited. Tr the eolor should fade, more 
must be added, 


Application of Inhibitors 


These are put inte the peroxide solutions at the place of manufactures, 
Tnitially, it was found that the rates of decompesition of inhibited gol 
tions did not give consistent results, The naval chemical inspectors at 
the factories dissovered that this was due to the tack of uniformity anorg 
the -products of different manufacturers, This problem wags Solved by stipu~ 
lating thet the concentrated peroxide solution should be redistilled after 
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menufecture. This, of course, resulted in a considerable ioss of material 
due to thermal decompesition, but it was considered unaveidable in the ine 
terests of obtaining a uniform product. 


Manufacture of Peroxide** 


Tn June 1944, Edogawa Kogyo K.K. at YAMAKITA, near HAKONE, was the only 
manufacturer of concentrated hydregen peroxide solutions (30%). This com- 
pany was able to produce 80% peroxide on a laboratory acale. 


Method of Manufacture 


Hdogawa Kogyo used Lowenstein's method which is outiined in the following 
chemival reactions: 


(1) Hg80, + NH, ——>. (NH,) + HSO, 
10-50% ammonia gas ammonium bisulphate aq. sulphuric acid 
{2} 2(MH) )HSO), ————> (NH, ) 28208 4+ He 
Elsctrolysis ammonium persuiphate 
” (3) {NH )2820g > H00 2{NH, HSC, | return to source 
Fractional distillation (40-50mm mereury) 


Electrolysis 


This ig carried out in celis of glazed porcelisin 108 cm long, 58 om wide, 
and 55.5 cm high. Wall thickness is 3 em. Each eoll is divided into siz 
smaller celis by two glazed poreelain partitions running laterally and by 
thres glass partitions which divides each of the three cells thus formed in- 
to two equal parts. Each of she small cells is divided into three conpart=- 
ments. by diaphragms of porous porcelain, Tha anodes ars placed in the cen- 
tral compartment of each ceil, bhe cathodes being in ths cuter compartments. 


Anodes: The ancdes consist of narrow, thin strips of platinum (about 40 
cm long, 5ma wide and 0.05mm thick.) Bach strip weighs two grams and in a 
unit of 28 cells. there are 1680 anodes weighing in all 5 kg (il lps). Dis- 
tance between anode strips is about 2.5 om {1 inch), Loss of platimun 

2.5 = 3 gm/ton 30% H2026 : 


Gathodes: These are of sheet lead. Loss cf lead ll kg/ton 30% Ho0s6 


Current’ density: 


Energy : 350 kw 
Volts 

Amperes 

Current density 


Arrangement of cells: The electrolytic cells are placed in units of 28. 

These are arranged so that there is a continuous gravity flow of solution 
from one cell to the next. Thus, & continuous supply of ammonium bisul- 

phate is fed into the first cell, and the concentration of ammonium pere 

‘gulphate, formed by electrolysis, increases in each succeeding ceil up to 
sell 28 which has maximum concentration. 


WEhTs subject is dealt Wibh in Getall in NavTechsap Report, "Japanese 


Fuels and Lubricants, Article 5 ~ Research on Rockét Fuels of the Hydro-~ 
gen Peroxide ~ Hydrazine Type} Index No. X=38(N)-5. 
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Distillation 


The ammonium persulphate solution is fed into lead pipes which are steam 
jacketed, and the persulphate undergoes thermal decomposition, forming 
i i The peroxide and water 7apour 
ad with Reschig rings. 30th the 
From the bottom of the 
f pressure and 30% perox- 
ide (by weight) is drawn off as the final product in the process, Tho 
concentration of peroxide in the second column igs about 10% and this is 
used as @ reflux in the first column. The exhaust from ths second column 
contains about 3% peroxide and Some of this is returned tc this column for 
reflux. 


Higher concentrations of peroxide were produced by Edogawa Xogyo K.¥, oni 
on a laboratory scele, Using glass flasks of five liters capacity, 30¢ 
peroxide was distilled at 60-70°C under a reduced pressure of 40mm c? tere 
cury. The distillate contained 15% peroxide, whils the eoncentraticn in 
the flask could be raised to 80%. 


trensport and storage: The peroxide wes stored and transported 
io es oO z ibs) capacity. Stoppers wers made of elas 
of these was fitted with a small hole (about 2mm in diameter) 
pressure *build-up*, 


To meet the requirements cf the proposed experiments which were ot: 
undertaken at KURE, Edogawa Kogyo E.kK. agreed to increase theix <x 
of 80% peroxide. An industrial plant was not designed, but the t 
scale experiments were increased in humber, until thers were betw 
and 3000 distillation flasks in action, 


At the beginning of July 1944, the first quantity of &0% peroxide {( 
ton) was received in the Torpedo Department, KURE. The cost wag & 4¢ 
Kilogram. At the then existing rate of exchanges, this was equal to + 
high cost of $5 per lb. 


Production of Pergxide 


With the increase in importance of concentrated peroxide as a potential 
war materiel, the Japanese Government requested the isading chemicsi manye 
facturers to undertake large-scale production of the material. The project 
placed a great strain on the Japanese chemical industry. 


‘The table on the next page gives the names of the manufacturers involved, 

tion from August 1944 to March 1946. In fact, only 
about one-fourth of the total projected quantity was produced, This was 
inadequate to meet the demands. The bulk went to aircraft researchers and 
the torpedo workers went short of material, as a- result, 


Handling of Concentrated Peroxide 


Many precautions must be observed in the safe handling of concentrated 
peroxide, i table metal containers, the vepaness 
fhe 
This usually 
In this wise, fires 
on a truck which 


in a similar way, a 
On this island about 
in the open air. Sheet 
tect them from the rain, 
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peroxide exploded, leaving three holes about 15 feet wide and six to u..> 
feet deep. Ne person was injured. 


The accident was attributed to the wind blowing off the zinc plate which 
then struck. and broke one of the bottles. The escaping perozide attacked 
organic matter in the vicinity (roots of trees, etc.) and a fire ensued 
which caused the explosion of the whole dump. <A similar occurrence was 
reported from the First Naval Fuel Establishment at OFUNA,. 


HYDROGEN PEROXIDE MANUFACTURE 
Production Plan 
(Aug. 1944 - March 1946) 


MANUFACTURER AUG, SEPT, oct. Nov. 
Sumitomo 


(1) OSAKA 8 10 2 1? 
(2) KYusHu fa} 3 10 


Nippon Chisso ; 
(1) KoRRA 150 
(2) KYUSHU 4,00 


Hodegaya Soda 
YOKOHAMA - 30 


Showa Elect. Industries 
NAGANO Prefecture 20 


Edogawa Kogyo 
Nr. HAKONE . 20 
Second Fuel Factory 
YOKKATCHT (a) “ 

(b) 20 


Mitsui Kozan 
KYUSHU 30 30 30 40 30 


Nippon Kogyo. 20 40 50 60 100 


Se ge ae Pg a a en 
TOTAL 100218 S470 1427) 0 1667 «1797-1947 1947 


The above units are liter/tons (i.e. weight of 1000 liters of material) 
of 30% peroxide. This liter/ton approximates the metric ton. (2200 lbs.} 


Precautions 
In general, great care must be taken to avoid all contact between 

concentrated peroxide and organic matter ~ dust, wood, bamboo, straw, 
clothes ete. Curiously snow 9 O11 does not appear to react violently wita 
coneentrated peroxide, in the absence of other organic impurities. On warno- 
ing a hydrocarbon oil with peroxide, the oxidation of the oil was very slow, 
A *boiling-up* of the mixture did not occur. This was found in the case of 

gasoline, kerosene, and lubricating oil. Ether shows the same inertness. 


(2) . The following substances should be excluded from peroxide: 


Cement : Zinc 
Concrate Bronze 
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. Akal 4. Natural rubber 
Lead Synthetic rubber 
Tron rust Chiczvoprene 
Copper . Buna N. 
Copper corrosion products Buna S. 
Heat . Thiokol 
Sunlight Acrylic resins 

Celluloid 


The plunging of a piece of red hot iron into concentrated peroxide appears 
much the same as in the case of water. No serious decomposition takes 
place. 


(3) Hydrogen peroxide should never be kept in a sealed container. A leak 
hole must always be incorporated to prevent big increases in pressure. 


(4) When washing apparatus froe from peroxide, use water which is free 
from organic matter. Distilled water is best. Well water is also suitable. 
Sea-water slowly decomposes peroxide. 


(5) When handling "A" liquid, rubber gloves should be worn. 


(6) Plenty of water shoula be available in the vicinity of dumps of con- 
centrated peroxide. 


(7) Where. fissa have been started by "A" liquid, water should ve used to. = 
extinguish then. 2 we 
The following materials are generally suitable for using in contact with 
MA liquid, but in some cases the time of contact should not be long. 


aa plating (but tends to be porous) 


Aluminum 

Stainless steel (18/8) 

Glass - non-alkaline 

tAlmitet (electro-deposit of oxide on aluminum 
Porcelain 

Glazed enamel finish on iron 

Paraffin wax | 

‘Hard blown asphalt 

Vinyl chloride resins 


This last named material was tried for washers, but was found satisfactory 
for only a few weeks. After that, it showed signs of attack and became 
soft ° 


Aluminum was never used to any extent for peroxide in the Japanese Navy. 


Material of sufficient purity was difficult to obtain, while tin in ade- 
quate supply was obtained from MALAY, 


Manufacture of Hydrazine Hydrate 


Hydrazine hydrate was manufactured by MITSUBISHI, KYUSHU from ammonia and 
sodium hypochlorite. : 


The units listed on the next page are in liter/tons of 80% hydrazine hy-~ 
drate. This liter/ton approximates the metric ton {2200 Ts) s . 


Only about one-fourth of the total projected quantity was actually pro- 
duced. It was adequate, however to meet demands. 
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HYDRAZINE HYDRATE MANUFACTURE 
oductio : 
(August 1945 - March 1946) 
MANUFACTURER AUG. SEPT. OCT. NOV. DEC, JAN. FEB. MARCH 
Mitsubiahi KYUSHU... 10 30 50 50 50 80 100 190 
Nippon Chisso KOREA 50 100 100 100° 209 100 ~=—_ 100 


Dai Nippon Chem. Co. 10-30 30 30 30-39 30 
Mitsui Kozan KYUSHU 10 30 = 30 30 30 30 30 


Toa Synthetic Ina. jo UG 50 50 50 59 
TOTAL © 10 100-220 225 neo 290 310 310 


Handling of Hydrazine Hydrate 


(1). "Be liguia is easily oxidized in the atmosphere and therefore it must 
be stored in sealed containers, The Japanese used petrol tins which were 
plated internally with tin for corrosion protection. (Volume 18 liters.) 


(2) "Be liquid igs very toxic and the vapour Should not be inhaled, 
(3) "pr liquid reacts with organic matter such as wood, straw, etc, ang may 


cause fire. Where organic material has become Stained with "pr liquid, the 
material should be disposed of by burning. 


Materials which are generally Satisfactory to use in contact with "BY liquid 
‘are. ; , 


Natural rubber 
Glass 

Bronze — 

Steel 
Stainless steel (18/a) 
Tin 


' ‘The following materials are not good: 


Synthetic rubber 
Other plastics 


Peroxide Vessel Desi 
ae Vessel Design 
Experimental 


experiments with different containers wag conducted at KAMpca. 
KURE. - The containers were of 27 liter capacity and were made 
of welded mild steel plate. 


Three dirferent kinds of internal treatment were used: 
(1) Sand blast 
(2 Send blast and then spray with tin (0.5-1.0mum thick) 


3 Sand blast, Spray with tin and then paint with a solution 
of hard blown asphalt (hardness 5°) tn trichlorethylene 


350 


@ 





CONFIDENTIAL | - 


Bats of containers were treated in one of these three ways and then. filieg 
with 80% hydrogen peroxide. From @ range of 50 yards rifle bullets (303 
in) were fired at the containers and the results were observed, 


Nothing remarkable occurred, except in the case of the containers treated 
With asphalt. These exploded on being struck with rifle bullets. This 

was contrary to expectation, since previous experiments had indicated that 
hard blown asphalt did not Xeact with concentrated peroxide. The container 
experiments were repeated with the same result. It was then Suggested that - 
incomplete removal of trichlorethylene might result in the residues of the 
latter forming an explosive mixture (as in the case of experiments with 

the Type 93 generator), 


The experiments were Fepeated at the Seco 

. This time, great care was taken t 
trichlorethylene. 
exploded. 3 
tic ; It was decided to 
use hard asphalt for coating the inside of the peroxide vessel, but carbon 
tetrachloride was used instead of trichlorethylene as the solvent for the 
asphalt. — 


Pinal Design of "A" Liquid Vessel 


The vessel is made of mild Steel plate bent to circular cross-section and 
welded. .The outer wall of the vessel forns part of the shell of the KAT. 
THY 2, so it was designed with a@ large thickness to withstand hydrostatie 
eeoecrres UP to 300 feet (Naval Start Tequirement). Thickness is about 

Al ; 


The vessel is divided into five compartments (six were found to be an un- 

‘hecessary complication) so that movement of the peroxide during operations 
will not affect’ the trim ana mixing of the Separating liquid with the per- 
oxide will be avoided. A steel pipe, near the upperside, runs through the 
vessel; through this pipe control rods and pipes running fore and aft are 

conveyed (fuel, water, etc.). 


The partitions separating each compartment are bolted to mild steel flanges 
which in turn are welded onto the wall of the vessel and at right angles 
to it. The inner edges of these flanges are not symmetrical about the 
longitudinal axis of the vessel but on the upper side of the vessel they 
project. considerably farther into the interi 

circumference, This. projection supports the 

runs. lengitudinally through the vessel, 


The assembly and internal treatment of the vessel is a long task requiring 
care and skill. It takes three or four men..about two weeks to somplete 
one vessel. ; i 


Details of Assembly 


The forward end of the vessel is first welded into position then each of 
the internal flanges is welded in turn. The flanges are all fitted with 
round-headed stainless steel (18/8) bolts. The heads are firmly sealed to 
the flanges by welding, in readiness for the final assembly of the partie 
tions. Next the after end ig welded on, and the pipe for controls is push- 
od through the special holes in the ends and in the flanges provided for 

There is a manhole in the after end to allow a worker to enter the 
vessel and carry out internal treatment, 


From the top of each compartment a pine is welded into position and leads 


to a relief valve common to all compartments. This valve Opens at a pres- 
sure of about 5 kg/em2 (70 lbs/in2}, The pipes are made of mild steel with 
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FIGURE 173 
"A" LIQUID EXPERTHENTAL VESSEL 


pressed 2mm tin linings. A filling cap of stainless steel is also fitted. 
o the top of each compartment. <A mild steel pipe is welded to the forward 
compartment for supplying sea water, and a feed pipe for peroxide to gener- 


- ator is welded to the after Gompartment. The latter is made of mild steel 


and lined with tin plate. 


, GNternal treatment: All internal surfaces. are sandblasted and then sprayed 
En 7 ckness 025-1.0mm). Next, the whole Anterior is paiated with 
€@ solution of (hardness 5°) in carbon tetrachloride to 
8 operation the worker wearg & mask and 
gan remain only a short time in the vessel owing to the toxicity of the 
tetrachloride. He is relieved after about 10 minutes. When the asphalt 
coating has dried, it is covered with tin plate 1mm thick. This igs the | 
most tedious part of the construction, since the welding of the seams in 
the tin plate mist be done Slowly and carefully to ensure hermetic sealing. 
The flanges are similarly covered. At the entrance to the vessel the tin 
is: *lipped* over the edge of the manhole. The connecting pipes between 
compartments are made of drawn tin 2mm thick. 
A 


there now remains the final closing of each compartment. Starting at the 
partment a shaped piece of tin plate (2mm thick) is Slipped onte 
the flange bolts which project aft. Thon. four steel bars (covered with tin 
: The nuts are 
its outer edge to 
e Finally small caps of tin plate are welded into position over 
each nut, completely sealing the latter from subsequent contact with the 
peroxide. The process is repeated for each compartment in turn, working 
towards the after end, 


The last compartment (with the manhole) is closed by welding a circula, 
sheet of tin plate onto the Plipped" edge of the internal lining. The 
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steel manhole door finally is bolted into position supporting this circular 
piece of plate. 


The result of each step in the elaborate internal treatment is as follows: 


andblasting Base for tin spray 

in spray Corrosion proteotion of steel 
phalt coating . Inert to peroxide 

fin plate — inert to peroxide 


OFOUs o e asphalt coating cannot be left uncovered, since it would be 
issollved by the separating liquid which is used between the peroxide and 
gea water. On the other hand, the asphalt has not been dispensed with, be- 
cause smail cracks may appear in the welded joints of the final tin cover= 

ing and allow peroxide to leak through the plate. 


Tin tbe. the not sufficient treatment in itself, because it tends to be 
Tt 


pepsine: Welding of the tin plate is carried out with a small reducing 
rogen/o; gen flame (excess hydrogen), ‘'Criss-crogst welding across the 
fed to avoid the- hair cracks which sometimes appear in smooth 


seams is u 
soluticn of stannous chloride (SnCl2) in water is used for flux. 


welding. 


Vessel tests: Peroxide stored in the vessel deteriorated oaly 3% in two 

ntvhs during the summer. The vessel ‘atood up well to a rolling and pitdhe 
fing test while full of liquid. In a previous design, pelyvinylchlcride 
pheet was used as partitioning material instead of tin Plate, but leakage 
gccurred at the partition bolts between compartments, 


Separating Liquid 


Sea water is used to push the "A" liquid from the vessel to the generator, 
Since sea water will dilute the peroxide and will also tend to decompose 
ft, the twp lignids are not allowed to come into contact with seach other, 
A “separating liquid” is used between the water and the peroxide; it is 
atorer in tne forward compartment of the peroxide vessel, 


Properties of Separating Liquid 


fhe chief properties required of a separating liquid are: 


(1) Inert to and inseluple in sea water 

{Z) Inert to and insoluble in 80% hydrogen peroxide 
(3) Density between that of aea water and peroxide 
4 able® 

p -Must not attack tin 


fe fulfill these requirements two liquids were chosen. 


(1) Tho first consisted of a mixture of carbon tetrachloride (sp. gr. 1.6) 
mr rape seed oi] (sp. gr. 0.8) in such proporticns that the final mixture 
a specific gravity of 1.2-1.25. 


. ‘ 3 Gr. 
80% Hydrogen peroxide 1e35 


CCl,/rerpe oil] mixture 1.2 
Sea water 1.0 


The disadvantage of this separating liquid lay in the volatility of the 
tetraghloride; with evaporation of the CCl, the demsity of the mixture 
frops: and the danger of the sea water coming in contact with the peroxide 
is increased. The use of this separating liquid was abandoned. 
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(2) The second liquid, which was finally adopted, was alpha-~monechlornaph- 
thalene.. This’ compound is a liquid under atmospheric conditions and has a 
density of 2.194 at 20°C, It is insoluble in and stable to hydrogen per- 
exids and sea water. (The stability of the peroxide in contact with chlor- 
napthalene was tested over a period of about two months.) 


in practice there is usually a layer of separating liquid at least 40 om 
thick (16 in) between the sea water and the peroxide. 


Hydrazine Hydrate Vessel Design 


The design of vessel for "BY liquid and the method of feeding "BY liquid 
_to the generator with sea water pressure, are two problems which are closa= 
ly related... "B® liquid has-a density which is so close to that of sea 
waver that a separating liquid, as is used for "A" liguid, cannot be suce 
cessfully employed. = 


The Japanese hit on the idea of putting "BY liquid inside a flexible rubber 
bag which, in turn, is placed inside a mild steel cylindrical vessel and 
conforms to the shape of the latter. Now, if sea water is pumped into the 
vessel, outside the bag, it compresses the latter and forces the "BP liquid 
to the generator. 


Design of Bag 
The rubber bag ia about 2.5mm thick and of compesite structure. The inner 
Tayer, 2m thick, ia made of natural rubber which is resistant to attack 
by hydrazine hydrate. The outer layer of the bag (in contact with sea 
water) consists of a layer 0.5mm thick of oil-resisting synthetic rubber. 


The purpose of this construction is two-fold. 


{1) Natural. rubber is not attacked by "B" liquid, synthetic rubber is 
attacked, , A 


(2) Synthetic rubber is relatively resistant to attack by 011. Natural 
rubber is not resistant, . 


. thus, natural rubber is a good material to use in contact with "B" liquid, 
but it must be protected on the outside by an o11 resisting material, in 
ease engine oil is brought into contact with it by the feeding sea water. 


Ty70 "B® liquid vessels (used in parallel) are fitted in KAITEN 2, 
esign and Operation of KAITEN Type 2 


Particulars 
‘Additional particulars of the KAITEN Type 2 are as follows: 
Date of production ' 1945 
Number produced 2 
Reserve huoyancy kg 
: ibs 
Trim 


Hydrogen peroxide vessel 
Volume iiterg 
ft 


Weight kg 
‘lbs 
Weight. of charge kg 
Lbs | 


" 
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Fuel chamber 
Volune aitere 


: . tt 
Weight of fuel (1bs) 
"B® liquid chambers 
Volume iiterg 
: rt 


Weight ke 


= lbs 
Steering air 
: Volune liters 
tt 


Pressure kg/om2 
- 1lbs/in® 
Trimming tanks 
Volume liter not known 


: Lt not known 
Main engine 


Type No. 6 Two row, vertical 
Maximum hp 1500 


General Description 


Views of the weapon are shown in Figure 174(a)(b) and a diagrammatic 
arrangement in Figure 175. 


Head: There are two types of heads having the same weight and shape. They 


are of welded construction, the plate being 4mm (0.157 in) thick. A-Tlange 


is welded to the after end which ts boltied to the forebody. 
Exercise Head 


This has two blowing mechanisms. There are also two compartments to the 


blowing tank, the first for adjusting the depth and the second for raising 


the KAITEN if it sinks; one is connected to the automatic blowing device 
and the other is controlled by the pilot. Since the first compartment is 
located in the bottom of. t of the second compartment is 


nerease the buoyancy should he run ashore and dame 


st compartment. This modification was made as a 
result of experience with Type 1. The mechanisms are exactly the sane as 
-in Type. Le 


The recorder fitted is of special design. Since the rangs-is so long the 

clockwork “for rotating the paper is controlled by the pilot who can start 

and stop it at will. ~ 
Warhead 


. No blowing mechanism is fitted, it is fillea completely with explosive, 


The two detonators which are fitted are similar to those in Type 1 and the 


method of firing is the same. 


Midship Section 


Forward Part 


The forward ends of the steering air bottles and of the fuel tank project 
into the body of the head. The stoering air hettles are of standard com 
mercial design (Sumitomo Co., OSAKA) and have detachable ends held on by 
six bolts. A pipe in the center connects them. They are located in the 
upper half of the body above the fuel tank. (See Figure 176.) All these 
ere carried on a U-shaped sea water tank. 
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“PIGURE 176 
FORWARD END OF “FORWARD PART OF 
MIDSHIP SECTION, RAITBN PYPR 2 


At the top of the body are two junction boxes for the electric detonators, 
Tm the center is the pistol. safety mechanism control, 


From the top of the fuel tank is the filling connection and branching into 
it is the sea water stipply pipe for displacing the fuel. 


At the after end of the tank is the fuel supply pipe to the engine. 


From the four sea water tanks are vent pipes which run along the top of the 
chamber through the peroxide container to the pilot's control room. 


The after end of the forward midship section forms the peroxide sontainer, 
It is. of welded construction, of mild steel plate lined with tin lom 
(0.0394") thick, gas welded. It is divided into five compartments and is 
tested to 30 kg/cm2. ° 


Five vent pipes, one from each compartment, are taken along the top to a 
safety valve on the. external surface of the body. The forward compartment 
contains the separating liquid. Toward the top of the container a large 
diameter pipe is inserted throughout its length through which the leads 
and control pass. _ , 


The safaty bulkhead is welded to the angle ring and stiffened by 14 tri- 
angular gtiffeners and has an inspection Goore (See Figure 177.) 


‘Pilot's Control Room 


The pilot's control room extends from the peroxide chamber to the engine 
yoom. (See Figure 178 to 180.) It contains: 


Periscope and elevating gear 
Gyroscope 

Depth gear 

Trimming tank controls 
Engine control : 
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Depth and inclination meters 
Telephone 


The pilet sits well forward in the compartment facing the periscope, 
hoisting mechanism for the latter ig forward and in the center of the com 
A It is operated by the pilottg right foot which controls a valve 
in the of1 pressure supply line, 


When sitting in his seat the pilot can operate the following: 


The depth gear: This is well forward and is mounted on a welded steel 
pedester 5-6mm thick, It has a control wheel attached to the hydrovalva 
spindle. ; 


The servomotor: The servomotor for the horizontal rudders is bolted to 
Hell just aft of the depth gear, It is fitted with an emergency con 
ted to the slide valve So that, should the depth gear fail, the 
pilot can control the servomometer by hand, 


Level with the Pilot and above the center line are a group 
of e ves controlling the release of air from the trimming tanks, 
Water is admitted to the botto 
are two groups of four t 
to each group. Tr 
being always on th 


initial submerging. 


Switchboard: Art of the pilot, high up, is a switchboard for electric 


convrolse The Switches control: 


Rotary converter 

Roof light | 

External light 

Depth and inclination gauge illumination 


‘Rotary converter: A small rotary converter is neaded to Supply three-phase 

_ current to the electric &yroscope from the batteries which are mounted on 
a& platform across the center of the control room aft of the lower hatch 
and forward of the "pr liquid bettles, | 


Oil reservoir: Right aft is a small bottle containing oil for the oli 


Pressure circuit, 


Starboard Side 
a a cc) a 
Grroscope: This'-is an electrically driven one which has been described in 
8 gyroscope section, 


Vertical rudders: Just above the &yToscope is the hand wheel of the hang- 
Operated vertical rudders. The control is a bevel wheel type with a chain 
drive to balanced rudders in the vertical fins. 


Engine control: Beside the pilot ig the engine control. 

rotary tens oll valve connected to the automatic engine co 

engine’ room on the port side of the engine near the genere 

Befucer Bhit: Aft of the engine control is @ gas-tight rectangular cope 
ainer hous 


& the main reducers for the engine, servomotor and steering 
engine. The container is vented to outside the shell. 


? 
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Air from. the air reservoirs passes through a main stop valve which when 
opened admits air to the starting reducer. The adjustment of this is fix- 
ed so that the pressure of the air entering the engine revolves it slowiy. 
‘A brapch fama the main air line after the stop valve admits air through a 
B8econd stop valve to the first stgge of the reducer, from where it passes 
at a reduced pressure of 30 ke/om* to the top of the oil bottle and through 
the second stage to the buffer chamber, — 


From, the oil bottle the oil ig supplied to the rotary engine control valve 
and to a slide valve used for emergency control. 

is outside the shell of the KAITEN so that, if the 

of escaping, he can turn his handle which sets the 

and at the same time lowers the periscope before sw 


When the pilot moves the rotary valve handle into the first notch, oil is 
admitted to the low speed set of valves of the automatic engine control, 
these valves are opened, liquids are admitted to the generator and the en- 
gine runs hot, 


When the handle is moved to the next notch, oil is admitted to the bottom 
of the second stage of the reducer, compresses the spring and increases the 
air pressure on the buffer chamber thus increasing the delivery of the 
liquids and hence the power of the engine, 


For the next notch oil is admitted both to the second set of valves in the 
automatic engine control unit and again to the bottom of the second stage 
of the reducer. The power of the engine is increased due to additional 
quantities of liquids béing supplied through two sets of valves at a highe 
er pressure, 


. For the final notch the third set of valves igs brought into operation and 
the engine output. is increased to a maximum. 


Aix to the gyroscope and servomotor is supplied from the second stage of 
the reduder. 


Gauges: Right forward three gauges are mounted in the overhead, They re~ 
cord: : 

Pressure in steering air reservoir 

Reducer pressure of steering air 

Pressure in ofl circuit. 


Pistol: The safety mechanism for the two electric detonators is operated 
by the pilot by a lever mounted in the roof. 


Depth gear: On the deck is the control valve for admitting sea water to 
the yircstatic valve of the depth gear. 


Fuel gauge: Forward of the pilot is a water meter which records the amount 
OF Water Sater ine the fuel tank to displace the fuel. It thus acts as a 
fuel meter, Ms 


HP. Sea water pump: A big stop valve near the pilot admits sea water to 
the high Dreasive diluent pump. The water displaces the "At and "BY ii 
quids and fuel and acts as diluent. in the "A" liquid circuit is another 
water meter to indicate the quantity admitted to the peroxide chamber, i.e. 


measuring the quantity used as in the case of the fuel, 


Hydrogen peroxide: Beside the pilot is the main valve for admitting per- 
oxide to tis engine, : z* 3 


- Bogine starting: Above the pilot is the engine air-starting valve. When 
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this is opened air from the main reducer passes tn the generator and starts 
the engine. : 


Steering air: Slightly behind the pilet on the Bpper side of the shell is 
the charging valve for the steering air reservoirs. 


Fuel.“and "BY" liquid: The stop valves for the fuel and "Be liquid are 
Téecated together. Opening the valves admits the liquids to the automatic 
‘engine control unit. 


-Zraining: Two small valves are added to & second set of depth gauges for 
Ta. & purposes to indicate the depth to the instructor who is sitting 
behind the pilet. These are removed for & war run. 


Center | 


Hatehes: There sre an upper and a lower hatch, the upper being the main 
one. This is situated immediately above ths pilot. Behind the pilot in 
the deck is a small hatch for telephone and battery charging leads, Behi 
this is the main lower hateh, through which the pilot enters the KATTEN 
when the weapon is carried on the deck of a submarine. 


Lighting: There is one overhead light aft of the main hatch and one for- 
ward, together with an external light to indicate the position of the 
KAITEN during training. : 


Stop valves: In the rear part, aft of the manhole, there are large valves 
not needed for control during running but which must be Opened betore 
starting. 


- (1) Main sea water overflow 
(2) Diluent water delivery from pump to main engine control unit 
(3) Delivery from sea water diluent pump to buffer chamber 
(4) Cooling water to engine 


These valves are shut until the start of the run, 
There is also a small valve for exhausting water from the engine crankcase, 


If the submarine which carries the torpedo dives deep enough, water will 
get into the engine crankcase and must be exhausted before starting. 


"BY" liquid containers: In the after part of the control room are the two 
WHY Tiguid containers placed one on each side of the center line. They 
are connected at the forward end by a four-way piece. 
The connections are: 

(1) Filling 

(2) Draining 

(3) Connecting the two together 


Buffer chamber: This is situated at the extreme rear of the compartment, 
G is similar to and operates on, the same principle as that of Type 93. 


Water meters: Beside the "Bt liquid chambers are two small water meters 
or measuring the quantity of; 


(1) "Bt liquid used 
(2) Diluent pumped to generator 


So that the ratios can be obtained, there are, in all, four meters: 


363 





CONFIDENTIAL 


"A" liquid 
eat 


Fue 
Diluent 


1 
2 
3 
h 


Engine Room - 
The engine room is of standard steel Plate, welded, open to the sea water. 
(See Figures 181 and 182.) It contains the generator, control unit, pumps, 
a Sent @ngine and lubrication oil tanks, the latter being situated on 
the pert side, i . 


fhe control unit, generator, and main engine are dealt with in separate 
sections, an ; 


After Body and Propellers 


rd ship's plate and is welded together. (See Fige- 
ure 183.) The plate is 5=6mm (.197%= 236%) thick. The design is similar 
to that of the torpedo except that the angle cf the cone is steep due to 
Limit of length; therefore, it does not have a good streamlined shape. 


» It contains only the standard mitre reversing gear. The thrust is taken 
©n the forward bulkhead, 


Low down on the starboard side is a hatch for assembly of the gearing. 


fhe fins are an enlarged form of the torpedo design. There are extensions 
_ of the angle irons to pretect the propeller blades. 


The propellers are Similar in design. to those of the Type 93.torpedo except 
that there are only three blades, because the engine power is small for the 
size of the hull, . 


- From the results of model tank testa the value of the effective horsepower 
was calculated and from this the propellers were designed. 


MAIN ENGINE CONTROL 
ee SN LNE CONTROL 
The control of the main engine is in two parts: 


(1) Pilot's control (See Figure 184) 
(2) automatic engine controi unit (See Figure 185) 


PILOT'S CONTROL 
LLL 


This consists of a disc valve operated by a Single lever which 
is rotated by the pilot. : 


The. control body is a bronzg casting with six Ripples, one for 
the high pressure (30 kg/om: » 426 lbs/in2) o41 inlet, one to 
each of the three valve units in the engine control, one to the 
reducer and’ one for Oil release, 


The dise is hela against its working face by a Spring held in 
-by a cover screwed into the body. A Spindle connects the handle 
to. the center of the dise, 


Oil enters from the Side of the casting and the pressure holds 
the disc against the face. 
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; _  RIGURE 183 
ATER BODY AND PRUPELLERS, KAITEN TYPE 2 


The oil passes through a hole in the disc into an arc~shaped 
recess in its working face. 


A similar recess diametrically opposite is connected by a milled 
channel to the center of the disc.. There is a drilling for 
exhaust in the center of the valve body to correspond. The 
dimensions of the recesses are such that all four control nipples 
ean be connected to high pressure oil or to release. As the 
dise is rotated first one and then another is connected to the 
oil circuit, the remainder still peing open to exhaust. 


ENGINE CONTROL UNIT 


This unit controls "A" liquid, "B' liquid, fuel and water 
supplies to the engine. It is composed of three sets of valves 
‘and plungers identical in design. Each group consists of a 
spring loaded non-return valve opened by a plunger which is 
‘operated by the oil pressure. 


The body is a phosphor-bronze casting with the valve, nipples 
and plugs of stainless steel. The oil plungers are of forged 
pronze. 


The three valve groups are arranged. in one plane. On one side 
of the body there are: : 


Inlet for "A" liquid 


Three outlets for "A" liquid having bores to suit the 
quantities 


_Inlet for fuel 


Three outlets for fuel 
Three outlets for "B" liquid 
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Dimensions in mm 

















FIGURE 184 
PILOTS CONTROL OF ENGINE, KAITEN TYPE ‘2 
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On the other side are: 

Water inlet and outlet 

"Br liquid inlet 

Oil outlet to air starting valve 
On the top there are the three elbow pieces for the oil inlet. 
ENGINE OPERATION 


To start the engine the pilot first opens the starting air valve 
and admits compressed air to the bottom of the generator. The 
engine then rotates slowly. ’ : 


When the control handle is moved into the lowest speed position, 
oil is admitted to the base of the low speed group and lifts the 
-yvalves in that group in the following order: 


eBt Liquid 
RAN Liquid 
Fuel 
Water , 
= OLL to starting air stop valve 


The starting air stop valve under the oil pressure closes 
against the steering air pressure. The engine is now fed with 
fluids and runs at the Lowest speed output. For the next speed 
the control handle is moved to the next position and the reduced 
air pressure to the buffer chamber is increased. 


For the higher speed settings the second and third sets of 
valves are opened. 


Now, since the port arrangement is such that oil can only reach 
the two subsequent groups through the first, for the middle 
speed two groups are in operation and for the high all three 


are open. 


- Only the metering of the water is carried out in the engine 
control unit; there are three chokes, each one governing the 
quantity from the particular unit. fhe delivery from the first 
ig correct for the low speed, from the first and second for the 
medium and from all three for the high speed. 


Upon reversing the motion of the handle from high to medium, the 
high speed group oil circuit is connected to release and the 
pressure vented, allowing the valves to close. The same occurs 
to the middle group for the next stage. 


In the stop position all oil circuits are vented and all valves 
are closed no liquids flowing. 


FLOW OF REACTANTS 

A diagram of the KAITEN 2 circuits is shown in Figures 186(ea) and (»). 
SEA WATER 
The sea. water pump for displacing the reacting fluids and for 


supplying diluent water to the generator is attached to the 
engine casing. It takes in water from the engine room and pumps 
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FIGURE 196(b) 
CIRCUIT DIAGRAM; RAITEN TYPE 2 





ee | 


iN “KARE 


tt 
My 


ath 
a 


L 


were 


7 


CONFIDENTIAL 


it 





CONFIDENTIAL 


it through a stop valve in the pilot's cockpit to the buffer 
ohamber; the water enters the latter near the middle of the 
chamber. In this: water supply line is a filling valve fixed on 
the upper side of the hull. Through this valve the buffer 
Shamber.. can be filled with water. 


Two water pipes lead from the buffer chamber, one from the upper 
side-.and one. from the lower side. The upper pipe passes to the 
regulating valve, from which the overflow of the buffer chamber 
goes through a stop valve, through the hydrogen peroxide stop 
valve and then to the sea, via a non-return valve on the upper 
side of the hull. The lower pipe goes to a three-way junction... 
_ One way passes through a flow meter and a non-return valve to 
the automatic control unit and hence to generator. One way goes 
forward to a two-way junction which sends a feed pipe to the 
vessel and a feed pipe to the forward compartment of the per-~ 
oxide vessel. Both of these pipes pass through flow meters. 
The third pipe from the three-way junction goes through a flow 
meter and then divides into two pipes, one for each of the two 
hydrazine hydrate vessels. 


The crvling pump for the engine has already been dealt with in 
the « ine section, 


HYDROwsN PEROXIDE 


The peroxide passes, by sea water displacement, from the after 
compartment of the "A" liquid vessel. It goes through the main 
peroxide stop valve to the automatic control unit and hence to 
the generator. The peroxide stop valve is made of 18/8 stain- 
less steel and across the top of the valve passes the overflow 
from the buffer chamber. A relief valve connects the peroxide 
line with this overflow. Thus, if serious decomposition of the 
peroxide (due to rust or other * dangerous contamination) takes 
place in the valve, a pressure build-up will be prevented by the 
relief valve. Futhermore, if the stop valve should leak, the 
concentrated peroxide will be diluted and carried to the sea by 
the buffer overflow. 


HYDRAZINE HYDRATE 


- The two "B" liquid bottles are connected in parallel and the 
hydrazine hydrate passes, by sea water displacement, through the 
"B" liquid filling valve on the upper side of the hull. From 
here, the hydrazine goes through the "B" liquid stop valve, then 
to the automatic control unit and hence to the generator. 

FUEL 

as 

‘The fuel, displaced by water, goes aft through the "A” liquid 
vessel, through the fuel filter and fuel stop valve to the auto- 
matic control unit and then to the generator. 

AIR 

The two compressed air bottles are connected in parallel. an 
air lead runs from the forward ends of the bottles through the 
"A" liquid bottle to a three-way junction. From the junction 
one pipe leads to a pressure gauge, one to the main reducing 
unit, and one to an exhaust stop valve. This reducing unit in- 
corporates the main reducer, the dise reducers for the gyroscope 
and the reducer for the starting air. 
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from the main reducing. unit pipes run: 


(1) To the oil-controlled starting air valve and then to 
: the bottem of generator, 


(2) To a non-return valve on the upper side of the hull, 
to a pressure gauge, and then by two leads to the air 
nozzles in the top of the buffér chamber and the reg= 
wulating valve. 


(3) To trimming tanks. These are dealt with in the section 
on KAITEN control. 


DESIGN OF GENERATOR 

pos a general view of the generator see Figures 187 (a) and (b). The 
body and head are made of 18/8 stainless steel. The products of com= 
bustion are led to a welded T-piece at the bottom of the generator 
whence they pass to the engine via two induction Manifolds. 


EBAD 


The head consists of an 18/8 stainless steel forging with a mild 
Steel plate screwed to the underside (See Figure 188). Holes, 
for fitting nozzles, are driiied through the head at right 
angles to its face. Using special nozzles, "A" liquid, "B7_ 
liquid and fuel are supplied to the generator through these 
holes. (Diluent water is supplied through the generator wall). 


For the "A" and "BY liquids 10 holes, 46.7mm (1.84 in) in dia- 
neter, are drilled. Of these, one is drilled through the center 
ef the head and the remaining nine are drilled symmetrically 
around the circumfarence. 


For the introduction of fyél, three holes, 16m (0.63 in) in 
diameter, are drilled symmetrically around the central hole. ‘The 
fuel nozzles are screwed into these holes and project into the 
body of the generator. 


UNDERSIDE 


To the mild steel plate, om the underside of the head, are 
welded 10 skirts of mild steel. These skirts surround the holes 
through which liquids "A" and "B" are introduced, and, on the 
‘dunner surface of these skirts, the reaction between "A" and "B* 
Liquids takes place. (These skirts were cooled by jets of water 
from the walls of the water jacket, in later designs. This is 
mot shown in Figure 188). 


Dimensions of skirt: 


Internal diameter 
ternal diameter 
ength 
Thickness of mild steel plate 
mA" and "B" liquids: This nozzle has three main sections: the 
. Outer holder, the inner "A" diquid duct and swirler, and the 
central "B" liquid duct and swirler (See Figure 189}. 
The outer holder of the nozzle is. serewed inte the hole provided 
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FIGURE 187(a) 
GENERAL VIEW OF GENERATOR, KAITEN TYPE 2 


FIGURE 187(b) 
GENERAL VIEW OF GENERATOR, KAITEN TYPE 2 
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FIGURE 188 
DESIGN OF GENERATOR, KAITEN.TYPE ‘2 
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FIGURE 189, 
DETAILS OF "A" AND "BY LIQUID NOZZLE, KAITEN TYPE ‘2 
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in the generator head. It is so designed, that an annular space 
is left between the holder and the generator head casing. The 
lower part of this space is sealed with a tin washer, and the 
upper part, by asb stos cord wound in a special groove machined 
in the upper portion of the holder. The holder is made of 18/8 


_ Stainless steel. 


The "A" liquid passes through holes drilled in the side of the 
head into the annular space around the holder. From here, it 


_ passes through four holes into the annular Space in the "Aa" 


liquid section, above the "A" liquid swirler. It then passes 
through the latter and out into the generator through a conical 


aperture formed by the mouth of the holder and the face of the 


"A" liquid section. The annular Space above the "A" liquid 
swirler is sealed on the upper side by a tin washer. The thick- 
ness of the washer determines the position of the "A" liquid 
section face relative to the mouth of the holder., The "4" 
liquid section is integral and is machined from 18/8 stainless 
steel, 


The "B" liquid section is fitted inside the "A" liquid section. 
Thus, the "B" liquid, introduced from the top of the generator 
head, passed down the central axis of the nozzle, through four 
holes into the annular Space above the "B" liquid swirler, 
through the latter and into the generator via the conical aper- 
ture formed by the face of the "B" Liquid section and the face 
of the "A" liquid section. As in the case of the latter sec- 
tion, the annular space above the "B" liquid swirler is sealed 
on the upper side with a tin washer. The thickness of this 
washer determines the size of the aperture through which "B" 
liquid has to pass to the generator. The "B" liquid section is 
integral and is machined from 18/8 stainless steel. 


The faces of these nozzles for the introduction of "4" and "5" 
Liquids are in the same Plane as the underside of the generator 
head. 


Fuel: The fuel nozzle consists of a pipe of 18/8 stainless with 
a length of 83.5mm (3.29 in) and an external diameter of 16m 
(0.63 in). This is serewed into the underside of the generator 
head. The fuel is supplied through the head, down the fuel 
nozzle, past the fuel swirler and into the generator through a 
hole 4.1mm (0.16 in) in diameter. The swirler can be removed 


by unscrewing a section 7.3mm (0.288 in) in length from the end 


of the nozzle. The fuel nozzle projects into the body of the 
generator. 


SUPPLY OF REACTANTS 


"A" liquid: This is supplied to the nine nozzles on the cir- 
cumference of the head through three drillings in the side of 


‘the head. Two of these drillings supply three pairs of nozzles, 


each pair being symmetrically placed on the circumference. The 
third drilling supplies the remaining three nozzles on the cir- 
cumference. Connecting ducts between the nozzles are made by 
drillings through the head forging as required. 


The tenth, and central, nozzles is supplied with "a" liquid 
through a special drilling made between two of the fuel inlets 
of the head, from the underside of the head. 


"B" liquid: This is fed with 10 pipes to each of the "B" 
Tiguid Talots on the top of the generator head. 
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Fuel: This is supplied with three pipes through the top of the 
generator head to each of the three fuel nozzles. 


SPEED CONTROL AND RATING 
LL LARA ane sees ere 


Ynlike the usual torpedo, in which only one speed setting can 

be used in one run, the KAITEN pilot can vary his speed settings 
at will. For the low speed setting only the central nozzle in 
the head is used for supplying liquids "A" and "B" and only one 
fuel nozzle. For the middle speed setting, three further nozzles 
on the circumference can be switched in, and one more fuel 
“nozzle. For the top speed setting all the liquids "A" and "3" 
nozzles are used and all three fuel nozzles. In addition the. 
supplying pressure can be varied, giving an intermediate speed 
between the first speed and the middle speed. 


iting: Thus, it will be seen that the rating of each nozzle is 
‘Kept constant, but the number of nozzles in operation is varied 
according to the performance required. 


Control: To change the speed, the pilot operates one valve 
ch in turn operates a master control valve. This latter, 
automatically increases or reduces the number of nozzles in use, 
- a8 required by the ‘pilot. It also. alters the quantity of water . 
flowing to the generator as required, 


GENERATOR BODY 


The upper section of the body is fitted with a skirt or double 
wall. Diluent water is introduced near the top of the body and 
passes along a spiral between the skirt and outer wall. 

system is similar to the design of the British wet heater 
‘pedo. By this method the diluent water is introduced low 

in the generator body. 


The head is bolted to the body with 12 half-inch bolts. ‘The 
seal is made with a Stajnless steel washer, 


GENERAL 


It will be seen that in this design the peroxide reacts with the 
hydrazine hydrate and is decomposed on the steel skirts placed 
around the nozzles. Then the liberated oxygen, heated to a 
high temperature by this reaction, meets the fuel which is in- 
jected into the chamber Slightly lower than the bottom of the 
skirt, and combustion of the fuel and oxygen ensues. 


The design of the "B" Liquid section in the nozzle was slightly 
altered just before the end of the war. The new design of "Br" 
~ Liquid duct was rather Similar to the fuel nozzle, in that the 
“conical aperture in the "Br liquid section was replaced by a 
Small hole (diameter 2.5mm; 0.1 in). This design was claimed to 
be less critical in adjustment and easier to manufacture, 


Figure 189 is a drawing of the two most recent nozzle designs. 
NO. 6 ENGINE FOR KAITEN 
har a neieeret  d 
HISTORICAL ~ 


At the beginning of 1944 when the construction of the KAITEN torpedo & 
was decided upon, the manufacturers of torpedoes, both naval and “a 


. 
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civilian, ‘were go Overloaded th 
duction of KATTEN to 


A committee was therefore set up, to expedite the work which was. 
located as follows: 


at it was impossible to begin the 
rpedoes until Special steps were taken, 


Torpedo body and fittings Naval Ship Construction Depai 
Main engine and Shafting Naval Engine c 
: ment 


onstruction Depart 
Energy Source, control ani Naval Torpedo Department 
final erection 







































(1) “Design a reliable engine ca TEN: 
torpedo at the required speed for the stipulated range. 


(2) Désign an engine capable of production with the machinin, 
facilities and knowledge available in the #ngine Construe 
tion Department, : 


The chier designer went to 
designed and completed all Pp 
working 18 hours 8 dey. In all important matters he 
the chief torpedo designer, who was appointed chier : 
TEN production in Kure Naval Yard. Specialists in Propeller ang 
pump design from the Navy Technical Department were also Cousulted 


MANUFACTURE anp TESTING 
LING 


The production of the first engine was carried out in the Hiro. Nav. 
Arsenal and was ready for test by the first of October 
The first engine was used for water t 


ightugss tests under an ext 
nal pressure of 13 atmospheres (19] ibs/in*). : 


e 


The second engine completed at the beginning of November was use 


5 Performance tests, For these tests boiler steam Was used and th 
unit was Submerged in a water tank, 


From these tests a number of defects were found and remedied so +h 
about the middle of December one or two engines were handed over t 
mn at KURE f 


io 
the torpedo department or full power trtals on H202 and 1D0Z. 
oxygen. . - : 


At the beginning of 1945, about the middle of January, the first t 
pedo Carried out its basin trials at the wharf at KABURASAKT . 
Parallel with 


these tests & complete torpedo was water pressure tei 
a> ed to 10 atmospheres in 4 big tank, : - 


Since the war Situation had become worse, there was no time for , 
further development work, so a compromise was arrived at in Which =... 
both the Maximum power and numbers to be produced were reduced, The 
Strategic value and use in action were also modified, ee 
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In March 1945 the production of this engine was stopped. 
REASONS FOR FAILURE 


' The chief designer gave the following reasons for the failure of 
. the production program of the KAITEN torpedo. 


(1) The initial standard was set upon too high a plane. 


(2) The time allowed for research and development was too 
short for tne technical ability available. 


(3) The original plan was correct but was not systemati- 
cally carried out. * 


SPECIFICATION 


‘The specification for the design of the propulsion unit was as 
undernoted: 


: Wet heater, 100% oxygen or 
' Cycle - : 3 H202 (80%); ses water diluent 


Maximum output BHP ..cccceseccsoserrresecrs 1500 
RPM at maximum output: Crankshaft eeecscece 2500 

Propellers secsceesee 750 
Cylinder diameter o..ecesccceeceeereresress 185mm (7.28 in) 
Piston stroke Pe 200mm (7.88 in) 
Number of cylinders weer ener ecccerseseeresees 8 
Gwopt VOLUME esecccrscccceecscerscevcssees 430265 om? (262.4 in3) 
Engine weight with pumpS ceceessecerereerces 1500 kg (3300 lbs) 
Inlet PLESSULO vecrecesccccccsecesescscccers 23 atm (338 ibs/in*) 
Inlet temperature ecccoe-cocesecressrcrcers 
Hxhaust PresSure seeseccccccccccccecscccceses (43 1ps/in®) 
Diluent pump weer cscs eccesescesesesenses ore 30 atm (427 lbs/in“) 


The engine must be water-tight and rigid enough to withstand 13 
atmospheres (185 lbs/in*) external water pressure. 


The profile of the engine must be less than 1300mm diameter. 
The life of the engine must be about two hours at full load. An 
overload test is not necessary. 4 


Full power must be developed in as short a time as possible. 
The engine must be vibrationless. Peroxide or oxygen, fuel and 
oil consumption to be emall as possible. The materials used 
must be easily obtainable in Japan. The design of the engine to 
be as simple as possible to enable it to be manufactured in the 
Engine Construction Department of a Japanese dockyard. 


CONSTRUCTION 
LEADING PARTICULARS 


The engine, to comply with the foregoing specification, has 
eight cylinders, gingle-acting, arranged vertically in two banks 
of four. There are two crankshafts, one for each bank, geared 
at the rear end to the main shaft. Slide valves are used and 
are driven from an eight-throw shaft housed above and between 
the main shafts. There are two combustion manifolds, one for 
each bank of cylinders. An exhaust manifold is mounted at the 
top of the. engine and ig connected to all eight cylinders. 
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(See Figures 190 (a) to (d)). 
COMBUSTION MANIFOLD _ 

© combustion manifolds are of welded construction, each supply- 
ing the bank of cylinders on the opposite side. They are bolted 
to the valve chests using spigotted joints with copper washers. 
(See Figure 191). 


Since the connections to the cylinders are Tigid, unequal expan- 
sion of. the parts will cause failure, To prevent this the man- 
ifolds are water Jacketted, sea water circulation being main- 
tained by a gear typ n to the jacket, the man- 
ifolds are fitted wi 1 inner tube secured only 
at the forward end, tube is to reduce further 
the temperature of the manifold by the interposition of a layer 
of stationary gas. The heat losses from the manifold have not 
been measured without the sleeve, so the efficacy of the latter 
is unknown. : : 

The manifold was tested to a water pressure of about 40 kg/om2 
(568 lbs/in@) for a working pressure of about 25 kge/em2 

(355 lbs/in2), 


External diameter 124mm (4.88 in) 
Internal diameter 92.5mm (3.64 in) 
Bore of cylinder inlets 60mm (2.36 in) 


EXHAUST MANIFOLD 


This is also made of welded steel 

nor has it the insulating sleeve. (S ). It is fite 
ted with a sea water b st of each cylinder, 
i.e. against the gas flow, to cool the valves. The flanges are 
welded to it, and the outlet is bolted to the extension of the 
splined drive casing. A non-return valve is fitted at the junc 


tion, 


To obtain a gas-tight joint round the Splined drive a corrugated 
steel casing is used to connect the engine gear casing to the 
after bulkhead, 


- CYLINDER BLOCKS. aND VALVE CHESTS 
enna ND 


The cylinder barrels, heads and valve chests are integral and 
are. secured with ten half-inch bolts using a silk fiber washer. 
_. (See Figures 193 (a)(b) ana 194). They were originally of 

bronze but this was abandone count of skirt deformation, 

@ shrunk-on steel ring was tried but was not 
found effective. Cast iron was next used; no cracking occurred 
but the wear was great. Finally chromium Plating was found to 
be satisfactory but was not adopted in all engines, 


No water jackets are fitted, cooling being effected by sea water 
circulating through the engine room, 


External diameter of barrel 199mm (7.84 in) 
Internal diameter of barrel 185mm (7.28 in) 
Thickness of wall 7mm (0.275 in) 


SLIDE VALVES 


These are cylindrical and met are of silchrome steel and 


operate in the cast iron body. (See Figure 195), They are 
‘Secured to the crosshead by a bronze nut which Screws onto the 
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FIGURE 190(a) 
GENERAL: VIEW OF NO 6 ENGIRE 


FIGURE 190(b) 
GENERAL VIEW OF NO 6 ENGINE 
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190(d) 
OF NO 6 ENGINE 
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FIGURE 191 
COMBUSTION MANIFOLD, NO 6 ENGINE 
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FIGURE 192 
EXHAUST MANIFOLD, NO 6 ENGINE 
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FIGURE 193(b) 
COCKS AND VALVE CHESTS 


CYLINDER BL 


CONFIDENTIAL 


i 





CONFIDENTIAL 


NO 6 ENGINE 


FIGURE 195 
VALVE, 
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split end of the rod; locking is effected by a tapered steel pin 
Which is screwed down, expanding the rod end, 


At the base of the valve are five pressure rings and three 
lubricatin grooves. In the lowest ring groove but one 
holes 3mm (0.118 in) in diameter a i 

center of the valve, j 

Sate from draining down into the 

lubricating oil, 


There are also two holes, 3mm in diameter, in the upper wall of 
the valve to allow water condensed in the cylinder to flow into 
the exhaust, 


The main dimensions are: 


Diameter of exhaust side 80mm (3.15 in) 
Diameter of inlet side 50mm (1.97 in) 

- Clearance Ooimm (0.00394 in) 
* Valve rings 
Width 3mm (0.118 in) 
Thickness 2mm (0.079 in) 

Free gap 8mm (0.315 in) 


VALVE GEAR 


The crosshead is cylindrical with a plain gudgeon pin retained 
by a spring clip ring. (See Figure 196). 


Crosshead diameter 60mm (2.36 in) 
Crosshead pin diameter 21.5mm (0.85 in) 
Crosshead bush diameter 22mm (0.87 in) 


The big end is of the 
i.e. with a horseshoe-shaped cap screwed onto the rod end and 
Secured by a locking pin. The bearing is a Split bronze type, 


Effective width of bearing 40mm (1.58 in) 
Projected length 45mm (1.77 in) 


The valve shaft is an eight-throw crankshaft Carried in main 
bearings on transverse members, 


ENGINE FRAME. AND OIL SUMP 
— YL, SUMP 


The engine Casing is built up around the four transverse members. 
(See Figures 197 (a)(b)(e)). The members are of cast steel and 
to them are welded the top, sides, and ends. All electric welg- 
ing is used with coated electrodes, 


This frame carries: 


At the forward end 2 lubricating oil pumps 
At the after end gear casing 

At the top 8 cylinders 

At the bottom oil sump 


The main bearings are housed in the transverse members and are 
assembled from the bottom. 


When assembling the engine in the KAITEN it is first Pinned to 
the forward section and hung on a stay in its approximate: posi- 
i The after section is then slid into place and the bolt 
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FIGURE 196 
VALVE GEAR, NO 6 ENGINE 


FIGURE 197(a) 
ENGINE FRAME AND OIL SUMP 
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holes in the holding-down flanges are reamed with the engine in 
place. 


Along the lower side of the transverse members is the main oil 
supply pipe. This is of heavy section and is bolted rigidly at 
the ends to give additional stiffening to the casing. 


At the rear end of the engine frame is the main shaft gear pinion 
which meshes with the two crankshaft pinions,. 


The oil sump is of all-welded construction with steel pedestals 
under each transverse member. A considerable number of stif- 
feners are included, 


The end bearings of all shafts are of a special design, being 
cap-shaped to prevent water from entering the crankcase 


The great difficulty in the design of the engine was to comp 
with the external water pressure test of 13 atm (191 lbs/ine) 
without distortion and yet for the engine to come within the 
weight limit. In the initial stages, distortion occurred and 
the stiffeners had to be added, 


Overall dimensions: 

Width 865mm (34.08 in) 

Length 1565mm (61.66 in) 

Thickness of casing 18mm (0.710 in) © 
CRANKSHAFTS 
Each crankshaft is a single forging having four throws, two at 
180° and two also at 180° but set at 90° to the other pair. ‘The 

_ angle between the two shafts is 90°. (See Figure 198). 


They are made of 0.35% carbon steel and have only a 20% margin 
‘on the fatigue limit. 


The crank angles are such that the primary and secondary forces 
and couples are balanced and, therefore, the vibration is slight. 
Crank pin and main bearings are of 86% tin white metal 1.5mm 
(0.059 in) thick, backed by steel. 


The leading dimensions are: 


Cylinder spacing / 270mm (10.64 in) 
Main bearing 
Diameter - 90mm (3.54 in) 
Length 100mm (3.94 in) 
Clearance O.lmm (0.004 in) 
Big end bearing 
Diameter 90mm (3.54 in) 
Length 98mm (3.86 in} 
Thickness of web 36mm (1.42 in) 
Width of web 135mm (5.32 in) 


REDUCTION GEAR AND SPLINED DRIVE 


The crankshaft and intermediate main shaft pinions are bolted to 
their respective shafts by reamered bolts, Owing to the need 
for weight saving, the tooth pressure is comparatively high so 
that the margin for pitting fatigue is only 13%. Pitting was 
found to some extent after running at maximum output. The 
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FIGURE 198 
ENGINE CRANK SHAFT 


FIGURE 199(a) 
REDUCTION GEAR AND SPLINED DRIVE 
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AND CONNECTING ROD 


FIGURE 200(a) 
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machining must be @8 accurate as 
and (b)). 


possible, 


0-01-41 


(See Figures 199 (a) 


Through the center of the Splined drive the exhaust from the 
The 


engine passes, 


exhaust holes must be ag large as Dossible 


Since the exhaust pressure tends to be Digh, 


The Valve. gear Shaft is 
from the forward end of 


At the forward end of the Starboar 


the pumps. In the trai 
the Scavenge oil pump, 
water Pump. For the la 
ped up in the 


MATERTALS 


Crankshaft pinions 


Main pinion 


Splined drive 
TOOTH DIMENSIONS 
at LIMENSIONS 


Crankshaft Pinions 
Length of tooth 
Pitch 
Number of teeth 

“ Main pinion 
Length of tooth 
Pitch 
Nutuber of teeth 
Pressure angle 

Main pinion bearing (hollow) 
Diameter 
Length 
Thickness 


PISTON AND CONNECTING ROD 
RULING ROD 


“The pistens are or 
Fi 


er, | 
ent because the eo 
with the lubricating oil. 


driven thr 
the port Crankshaft, 


ough an intermediate wheel 


0.35-0.4% carbon steel, heate 


treated 


3% nickel 
0.8% chromium 
0.3% carbon heat-treated steel 


0.3% carbon steel 


200mm (7.88 in) 
22. Sum (0.847 in) 
3 


200mm (7.88 in) 
21.5mm (0.847 in) 
75 

14.59 
185mm (2.18 in; 


93mm (1.37 in) 
dimm (0.433 ir) 


The gudgeon Pin is of the Standard diesel design with a spring 


retaining ring. 


The connecting rod is made of 0.3% Plain carbon Steel stamped 
on. 


to Hesecti 
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FIGURE 200(b) 
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PIST ON 


Diameter 1845mm (7.27 in) 
Length 155mm (6.10 in) 
- Bearing surface length 1Ld5um (4.53 in) 
Thickness of crown 12mm (0.473 in) 
‘PISTON RINGS 
Pressure Width 5mm (0.197 in) 
-Thickness  — émm (0.236 in) 
Free gap 18mm (0.709 in) 
Seraper _ 
. Width. . 6mm (0.236 in) 
Thickiiess 6mm (0.236 in) 
Free gap . 17mm (0.670 in) 


This ring has slotted vents to remove surplus oil. 
GUDGEON PIN 


Diameter 60mm (2.36 in) 
Length 160mm (6.30 in) 


CONNECTING ROD , i 


Length 370mm (14.58 in) 
Outside diameter of bearing 70mm (2.76 in) 


DILUENT SEA WATER PUMP § 


This is a gear pump of the "Fulnagg” type; it supplies water as 
diluent to the generator and for displacing hydrogen peroxide, 
hydrazine hydrate’ and fuel. (See Figure 201). It is mounted on 
the outside of the engine casing on the starboard side, being 
diriven by gears from the starboard crankshaft through the oil 
pump drive. be 





Difficulty was experienced with the lubrication of the bearings 

due to the presence of sea water. To overcome this a false : : 
cover was fitted to each end of the pump; this was drilled with : : 
a series of drain holes. Sea water could only escape from th : 
pump through the clearance -between the shaft and this cover, and 

then drain out through the holes. The pump bearings were fed 

with lubricant, at high pressure, by a small reciprocating pump 

mounted on and driven by the unit. (See Figure 202). One wheel 

of the pump was of bronze material and the other of steel to re- 

duce the wear. 


Delivery pressure 30 kg/cm? (426 lbs/in?) 
Teeth=-involute form 





Overall diameter of teeth 1l5mm (4.53 in) 
P Diameter at root of tooth 90mm (3.54 in) 
Length of tooth 70mm (2.76 in) 
Number of teeth 14 
Shaft 
Length 85mm (3.35 in) 
Diameter 70mm (2.76 in) 
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© ENGINE LUBRICATION 
LE Ne reananertereene a 


The engine has. the dry, sump. system of 
scavenge pumps bei 

sions; 

tures, L scavenge pump 
at 1.36 times engine Speed. 8 cooling 
pumps also run at this speed, 


Details of the pumps are: 


Deliver pressure depen- sia 

/ dent on engine RPM 21-70 lbs/in2 
“Tooth Length | 80mm (3.15 in) 
Tip diameter ‘84mm }3-32 in) 
Root. diameter 2.56 in) 
Number ef teeth 


The circulation ig from the oil sump in the crankcase to the 
following units in series: 


t 


Wire gauze filter 
Scavenge: pump. 
O41 tank 
Pressure ‘ = 
‘O11 cooler --(attached to torpedo shell) 
Engine ~-(crankshaft and reduction gear} 
Back to crankcase 


The actual circuit through the engine itself is of a Standard 
pattern. From the oil rail in the crankcase each main shaft 
bearing is Supplied by pipes, The big end bearings and gudgeon 
pins are fed through arillings in the Shaft for the former and 


oil is piped up. the rod for the latter. 


Sea water is attempted in the oil cooler and 
ifference in the Specific gravity of the 
“quarters full of oil; dur~ 
& water. When it is full 
he tank; this Pp 
non-return valve Bes sea water overb 
pipe leading up from the bottom, 


Lubrication of the gears is by splash in the case of the msin 
gear wheels, an open-ended pipe discharging oil over the teeth, 
In.each case the oil drains back into the sump. 


ENGINE. COOLING | 
SNGINE COOLING 


The crankcase, cylinder head and valve chests are not water- 
jacketted cooling iseffected by sea water caused to circulate in 
the enginé room by a scoop attached to the torpedo shell, 


ce The special measures taken to cool the combustion and exhaust 
Manifolds have already been described. 


‘The cooling water Pump is of the Standard gear type. (See 
Figure 203), 


SHAFTING AND BEVEL GEARS 
ee nd 


The forward end of the propeller shaft is splined to fit the 
Spline on the end of the gear shaft, 
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The reversing gear is of the standard torpedo design of four 
inter-meshed. bevel wheels; the forward one being attached to the 
propeller shaft and the after one to the Sleeve shaft. The side 
' Wheels transmit the drive from one Shaft to the other and reverse 
the direction of rotation. 


‘The thrust from the engine is taken on the after bulkhead, 
directly in the case of the propeller shaft and indirectly 
through the erosshead arm in the case of the sleeve shaft. Ball- 
races are used, 


For lubrication the gears were dipped in lubricating oil mixed 
with grease. ; sg : 


Exhaust gases pass through the center of the inner shaft. 


The bearings between the two shafts are of white metal, dove- 
tailed in position, having a clearance of 0.03mm (0.012 in) and 
are lubricated from the crosshead. 


Material 


Shafts : 

0.35% carbon steel solid drawn tube 
Bevel wheels 

3% nickel, 0.8% chromium 

0.3% carbon heat-treated alloy steel 


PROPELLERS 


These are manufactured of manganese bronze or are steel castings, 
They were designed by Captain 3. NAKAYAMA, a propeller specialist 
in the Navy Technical Department, TOKYO. 


—_foRward AE 
Diameter 1060mm (41.8 in) 970mm (38.2 in) 
Maximum blade width 314mm (12.4 in) 296mm (11.7 in) 


They are Similar in design to those of the Type 93 torpedo 
except that there are only three blades because the engine power 
is small for the size cf the hull. 


From the results of model tank tests the value of the effective 
horsepower was calculated and from this the propellers were 
designed. The design was checked by Commander HORT by an alter- 
nate method. — 


ENGINE TIMING 


The engine timing is similar to that of the engine of the Type 
93 torpedo. 


Admission Top dead center 
Cut-off 110° A.T.C. 
Release 135° A.T.C. 
Recompression 315° A.T.C. 


The method used to adjust the timing is by means of depth gauges 
fitted into the cylinder head and valve chest, piston displace- 
ment figures from top dead center being obtained from the draw- 
ing. 


The valve position is adjusted by slacking back the taper lock- 
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ing screw in-the center of the valve and screwing or unearewing. 
the valve as required before relocking it. 


Sfnce no valve. seat is fitted the edge of the valve port is 
accurately machined to give the correct height specified on the. 


drawing. 


WATER PRESSURE TEST 


initially this was carried out in the Hiro Naval Atsenal ata 
‘pressure of 13 atmospheres (191 lbs/in2). This is equivalent 

' to a dead load of 100 tons in a vertical direction and 70 tons 
in the horizontal direction, 


‘The magnitude of the requirements will be Glearly realized from 
these figures when it is considered that the engine must operate 
satisfactorily under full load at this pressure. It would have ~ 
_ appeared to be much easier to jacket the hot units and make the 
- favli pressure-resisting. Commander HORI confessed that the tor- 
edo practice of admitting sea water to the engine room was 


ollowed. blindly. 


t 


‘Deformation occurred at the ends and sides of the crankcase and 
in the bottom and corners of the oil sump. Welded stiffeners 
were added at the weak points but although deformation was pre= 
vented, water leakage occurred at the joints which depended 
largely upon their finish for tightness. Finelly a special 
paint was found to prevent these leaks, the engine being painted 


after final erection. 


‘ater, when the specification was drawn up for general manufac-~ 
iture, the builder was obliged to carry out this test but no 
measurements were made, inspection for deformation and water 
‘leakage being by eye only. 


| TARTING TEST ; . 
_ Starting trials of the engine were carried out with boiler 


jsteam. It was found that the engine could be started in any 
‘positdon with a steam pressure varying from 10 to 50 lbs/in 

' depending upon the crank angle. It was found neeessary to en- | 
‘Sure that no condensate remained in the cylinder. This was cone 
sidered to be dup to the special conditions of the test and 
would not occur in the KATTEN under normal running conditions. 


TORSIONAL VIBRATION TEST 
a marta 


Absence of vibration was essential so that the pilot could see 
accurately through his periscope. A torsional vibration test 

. Was carried out at HIRO using boiler steam. Vibration was mea= 
sured by a Geiger torsiograph but the amplitude was small. By 
calculation the frequency was very high so that the measurements 
of frequency could not be relied upon. 


TEST UNDER LOAD 


For the normal makers test only low pressure steam from 
ancashire boilers was available and it was not possible to 
test out the engine fully. 
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‘LAND TEST 

At the Hiro Arsenal, tests more near] 

conditions were made, The engine. wa 

and connected to a dynamometer outside, steam being supplied 
from the boiler, and exhausted to atmosphere, 


The results of the test were: 


Duration of test 30 minutes 
et steam 
Pressure 300 1bs/in? 
Temperature 3709CG 
s 1500 hp 


Output 
RPM . 750 
Exhaust pressure atmosphere 


The tests showed that with the engine Properly aligned the power 
output could be obtained, 


The defects. revealed by these tests were: 


(1) Fracture of cylinder head at starting by condensate in 
the cylinder 

(2) Fracture of cylinder skirt and piston siezures at high 
-loads : 


Alterations to overcome these defects have already been enumer~ 
ated. 


The data of two tests carried out on No. 2 engines are given in 
tabular form. 


The test were made on two consecutive days, 23 and 24 December 


It is considered that the iniet gas temperatures are inaccurate, 
the figures recorded being too low. This is probably due to the 
thermocouple junction being enclosed in a steel sheath, 


The circumstances governing the gas analyses are not known, and 
therefore these data are shown without comment, / 


DYNAMOMETER TEST OF NO. 6 ENGINE FOR 


KATTEN TYPE 2 RUNNING oN HYDROGEN PEROXIDE 
rn OGEN PEROXIDE 


ENGINE NUMBER 2 


Date 23 Dec. 1944 24 Dec. 1944 
Number.of test —_- I 8 
Duration; min-sec ° 15-13 30-15 


Mean pressure kg/om2 Ibs/in2 kg/cm? lbs/in® 
Air vessel 364.9 25.6 363.5 
H202 chamber 25.0 355.5 24.7 
N2H),.H20 chamber : 24.6 349. 26.3 
Fue chamber 27.6. 39245 27 ok 
Water supply chamber 399.6 27.9 
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Generator 

Inlet gases 

Exhaust gases 
Crankcase 

Lub cil 

Lub oil chamber 

Lab o12 for main pump 
Dilusent pump 

Cooling water pump 
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Ratios by weight 


B/A liguia 
Fuel/A liquid 
Water/A liquid 


Output 


Total revolutions 

Mean RPM 1388 
RPM of main shaft f 759 
Mean horsepower 1625 


hp sec/kg 1bs/BHP/hr hp sec/hp lbs/BEP/hr 
899 g.8 902 oS 


Gonsumption of H20e 


EST IN TORPEDO 


Tests in'a KATTEN under actual operating conditions indicate 
that the back pressure could not be reduced to 2-3 atmospha 
the lowest value being 7-8. To obtain the required output 3: 
inlet pressure would need to be increased to a value above 
permissible in the torpedo so it was stated that the output was 
weduced to 1000 hp. 


EXHAUST GAS FLOW TESS 


As a result of the torpedo trials, tests were made to measurs 
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the resistance to flow in the exhaust system. The. drop in pres- 
Peii oe the system was measured by applying sir pressure to 
e n et. 


PRODUCTION 


No accurate information on the production figures could be 
obtained but it was estimated: 


Initial order * 1000 
At end of 1944. changed to 200 
March 1945 Production stopped 


The principal makers of the engine were: 


Hiro Naval Arsenal 

Kure Navy Yard 

Yokosuka Navy Yard 

Sasebo Navy Yard 

Maizuru Navy Yard 

Hikari Naval Arsenal 

Kobe’ Steel Works 

Kobe Mitsubishi Dockyard 
Nagasaki Mitsubishi Dockyard 
Kawasaki Dockyard 


WEIGHTS OF COMPONENTS 


Combustivun manifold (one) 
Exhaust manifold (one) 
Cylinder barrels and valve chest (one) 
Slide valve (one) 

Valve gear (one) 

Crankshaft (one) 

Piston 

Connecting rod and big end 
Diluent sea water pump 

Oil sump case 

Crankoase 

Main gear pinion and casing 


KAITEN TYPE 4 
HISTORICAL 3 


With an adequate supply of hydrogen peroxide for KAITEN 2 in doubt, 
the successful operational use. of the latter weapon was no longer 
assured, despite the high promise shown in its development. ‘The 
Japanese Naval Staff, therefore, decided that work should proceed on. 
alternative lines. Requirements were put forward for a new KATTEN 
which would operate on 100% oxygen, like KAITEN 1, but which would 

use the No. 6 Engine and have the same hull dimensions as the KAITEN 2. 
It was hoped that the high speed of 40 Imots envisaged for KAITEN 2 
would be attained in this way. - 


be 


NWww 
ee 
An~I~] 
oe 


e 
@ 


ODOOWMNOKHOWUAQH 
° 
WOW OU AW OWE Fw 


NERO 


he 
ww 


eeee 
MWNONWOE OUANS 
rt 
cee 


OWOr AD 
AKREN OO 
ee 

x 
won 
ONO & 0 


Many of the Japanese torpsdo engineers were opposed to this plan. 
They held the point of view that KAITEN 1 using oxygen was an opera- 
tional. success, and that further effort should be expended on speed- 
ing up the production of this KAITEN, rather than on embarking on new 
flesigns. They further believed that the high oxygen consumption of 
the No. 6 Engine in attaining 40 knots would make the range so short 
that the value of the weapon in combat would be very limited. a 
\\ 


Despite these objections, work went forward on the new oxygen KAITEN, 
which was to be known as KAITEN 4, in accordance with a Naval Staff 
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directive. 
Land tests with the KAITEN 4 showed very high oxygen consumption (low 
efficiencies) and therefore confirmed. the views of the engineers who 
were oppesed to the original plan. 
GENERAL PARTICULARS 
Additional particulars of this torpedo are: 

Date of production 

Number produced (approx) 


Reserve buoyancy kg 
lbs 


Trin 


Oxygen vessels 
Volume liters 
‘£3 


Weight kg 
lbs 
Weight of charge 


ibs 


Fuel. chamber 
Volume Lifers 
ft 


Steering air bottles 
Volume liters 
ft3 
Pressure kg/om2 
Lbs/in@ 


Trimming tanks 
Volume Fere tank 150 Total liters 1100 
. Middle tank 750 ft 39 
After tank 200 


Main engine 
Type No. 6 Two-row, vertical 
Maximum hp 1500 


DESCRIPTION 

The KAITEN torpedoes were made in both the gun and torpedo depart- 
ments, those from one ‘being numbered with the odd and those from the 
other with the even numbers. The specimen examined was No. 33, which 
was the seventeenth made in the gun department. 

An outline diagram of the weapon is shown in Figure 204. 

For an actual war shot the KAITEN was operated by one man. For train- 
ing purposes, up to four were carried, by the omission of some of the 
oxygen vessels. A certain number of other details were alsc onittsd 
in the training weapons of which No. 33 was one, 


The KAITEN is built up in five sections: 
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L~- Head 

2- Forward weuder compartment 
3- Pilot's cockpit 

4L- After vessel compartment 
5— Afterbody 


The seal between each section is made with rubber gaskets end the end 
flanges of each adjacent section are bolted together. 


HEAD © 


Both the war and exerciss heads are the same as those for the 
Type 2 except that in this case two air bottles for blowing pure 
poses are carried in the head, together with a recorder. (Sse 
Figure 205). 


The pilot has a control lever geared to the head by means of 
which the recorder can be started and stopped or the head can be 
blown. The first few revolutions of the lever operate the re= 
corder, while continued revolving of the Lever operates the blow- 
jing mechanism. 


The recorder, which records speed, depth and roll, works on the 
same principles as the recorder used in torpedoes. 


The head can be entered through a manhole in the after end. 
(See Figure 206). 


FORWARD VESSEL COMPARTMENT 


In the forward end are four oxygen containers. The lowest cne 
is the largest and is similar to that of the vessel of tke 2i," 
ype 93 except for the capacity which is larger. (See Figures 

207 and 208). 


Above it are three more oxygen vessels; these are similar to the 
high pressure air bottles used in submarines except that the 
rear end has a steel packing ring. This packing ring is as shown 
in Figure 215. The square threads are a slack fit so that the 
pressure in the vessel makes the joint by forcing the knife edges 
ef the rings into the steel body and end. Much development work 
was carried out before this design was finally adopted. for 
training purposes the center one of the three is removed, suit- 
able ballast being added. 


The vessels are of steel, the large one to the same specification 
as that of the Type 93 vessels while the smaller ones were made 
of steel called SK (proprietary brand Sumitomo Kamzoku Co., 
OSAKA) which is a manganese silicon alloy without nickel but has 
the same tensile strength as the steel to the other specifica- 
tion. No attempt was made to coat the insidss of the vessel to 
prevent corrosion. 


The forward end of the vessel is fitted with a cover plate with 
a vent to the outside of the shell. The vessels rest on supports 
from the shell and are held in place longitudinally by one angle 
iron and wooden packing pieces. 


Wood is placed round the shell in the upper half and lead ballast 
jn the lower half. 


fhe outer shell is of welded plate with a junction angle ring 
welded to it. The head is bolted to the compartment. 
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FIGURE 206 
AFTER END OF READ, BAITEN TYPE 4 





KAITEN TYPE 4 


SIDE VIEW OF 
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On both sides of the large oxygen vessel are trimming tanks, in 
the after end of the compartment is the fuel tank. This is fa» 
bricated from welded mild steel plates, This construction is 
acceptable because the-tank has to stand up to a pressure only 
slightly above that at which the engine operates, There are 
baffle plates to stop surging. 


An annular trimming tank surrounds the fuel tank. 


Inmediately aft of the fuel tank are four steering air bottles 
placed vertically. (See Figure 209), 


PILOT*S COCKPIT 


The control circuits and operating. levers are the Same as those 
of Type 2 and need not be deseribed again in detail, {Bee 
Figures 210 and 211). 


The power circuits are similar to those of the 2h" Typs 93 except 
for the speed controller, This ig circular in Shape, of welded 
steel plate. 


On the outside of the casing are the rating plungers for water 
and fuel. They are controlled by e handle on the top, which is 
geared to the plugs so that the correct ratings are obtains. 
All are on the same principle as shown in Figure 216. 


Tnitially, starting dnd stopping were done by means of the oxygen 
delivery stop valve. This was not satisfactory so a torpedc- 
type group valve was introduced, 


The shell has a flanges welded on to it for bolting to the after 
vessel compartment. 


AFTER VESSEL COMPARTMENT 

This normally contains another three Oxygen vessels but for 
training purposes these were removed and two men substituted, 
Directly aft are two buffer chambers. 


The batteries and the rotary convertor for the gyroscope are on 
the starboard side along the oxygen vessels. 


The shell is made of steel plate ribbed at 12" intervals with 
ballast in the bottom half. (See Figure 212). 


The engine Type No. 6 is bolted to the end of the after compart- 
ment in the same way as the Type 2. 


AFTERBODY 


Between the after bulkhead and the engine are two Type 93 gener- 
ators supplying the inlet manifolds. 


The igniters are fired by a geared irive operated from the main 
shaft of the diluent sea water pump. The ignition delay can be 
set from the upper side of the eugine room. This is done as in 
the case of Type 93 torpedo by using a bevel. gear and a special 
spanner. : 


fhe bottom of the shell of the afterbody forms the oil cooler. 
The oil storage tanks are in the port side, 50 liters for ths 
oil hydraulic system and 100 liters for lubrication, Tail and 
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CABIN, RAITEN TYPE 


FIGURE 209 
REAR OF FORWARD OOMPARTHENT, KAITEN I'YPE 4 


FIGURE 210 
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; FIGURE 212 
FORWARD END OF REAK COMPARTHENT, KAITEN TYPE 4 
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“propellers are exactly the same as those of the Type 2. (See 
Figures 213 and 214). 


CIRCULTS 


The circuits are the same as. those of the Type 93 torpedo, ex= 
cept for the inclusion of a CCl, bottle in the fuel circuit, as 
an additional starting precaution. 


OXYGEN CIRCUIT 


The forward three vessels have pipes leading to a common oxygen 
delivery valve. This valve is the same design as in the torpedo, 
enly larger. 


From the valve a pipe is led to a four-way piece, one to the 
after vessels, one to the charging connection and one to the 
speed controller. 


' Inside the speed controller are: 


Main oxygen delivery stop valve 
Carbon tetrachloride bottles 
‘Main rating plunger 


This last consists of one standard choke giving constant delive 
ery, together with three chokes, one for each speed, which can 
be opened as required by raising the plunger, i.e. one, two or 
three are brought into the circuit. (See Figure 216). 


‘The gas next flows direct to the generators. 
WATER CIRCUIT 


The diluent sea water flows from the pump through a non-return 
valve on the pump casing to a stop valve, and then to two buffer 
chambers which are connected in series. The water is delivered 
to the bottom of the first and then from the top of the first te 
the bottom of the second. 


There is one pressure regulating valve sonnected to the second 
chamber. Oxygen is supplied to the regulating valve and to the 
second buffer chamber. : 


Diluent to the generators via the speed controller and water to 
isplace the fuel is taken from the bottom of the first bottle. 
ere are non-return valves and stop valves in both these cire- 
puits,. 


Surplus water from the buffer chambers is discharged outboard 
via the speed controller. 


HUEL CIRCUIT 


The fuel is displaced by sea water. The tank is filled from the 
utside of the shell through a-stop valve. 


From the bottle the fuel goes to a stop valve, through a strainer 
and non-return valve, to the speed controller. In the engine 
room is a carbon tetrachloride bottle of 1.3 liters capacity. 

a eye vaive in the clreuit prevents the CCl, from being dis- 
‘placed. 
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FIGURE 213 
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FIGURE 215 
OXYGEN VESSEL END, KAITEN TYPR 4 


From the CCl, bottle the fuel goes to the generator, i.e, it 
passes through the tating nozzles before passing to the CCl, 
bottle. ; 


In the model examined, a CCl, bottle (similar to that in KATTEN 1) 
was also included in the oxygen circuit. Thus there was a double 
precaution to prevent an explosion at the instant of ignition, 


GENERAL 


About January 4 were completed. 4 sea-running 
test was mad Controls (no pilot) and a speed 

of only about 10 knots Was realized for the low Speed setting. 
Gas consumption was bad. 


Trials, adjacent to the jetty, were then Carried out with pilot, 
8 nose of the KAITEN was fixed against the Jetty. Gas effi- 
ciencies were again low. It wag considered that the generators 
Were not adequate and gaS analyses showed a large percentage of 

unburnt oxygen in the exhaust. . 


At sea, greater Speeds than 25 knots were never realizad with the 
KATTEN 


4. This design was therefore a failure, 


DEVELOPMENT 
This type of KATTEN was designed to meet a Naval Staff requirement 


for sufficient KAITEN torpedoes to defend the coastal waters from the 
Islands of KYUSHU and SHIKOKU. ii 
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Similasr plungers are used sor water and fuel. 


FIGURE 216 
OXYGEN RATING PLUNGER, KAITEN TYPE 4 
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Since there were surplus supplies of Type 92 torpedoes, they were 
converted to KAITEN Type 10. 


A Type 92 torpedo was cut in half and the control chamber added as a 
center section. 


‘Additional particulars of the KAITEN Type 10 are as follows: 
Date of production 1945 
Number prodyced . less than 6 


Reserve bucyauey kg 50 
lbs 110 


Trim level 


Steering air vessels (two) liters 40 Zotal 
ft 1.46 | 


Pressure kg/cm* 200 
lbs/in¥ 2840 


Trimming tanks none 
Main engine. " , electric motor 


GENERAL DESCRIPTION 


A view of the torpedo is shown in Figure 217. 


FIGURE 217 
GENERAL VIEW, KAITEN TYPE 10 
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In the case 
Steering air bottles was used to 
Th led ‘by the Pilot. In the latter, 
one electric fuse was added which was also controlled by the 
Pilot, 


MIDSHIP sEcTron 
MIDSHEP SECTION 


Below and outside the forward battery chamber & steering air 


bottle was attached to the underside, 


The shell of the battery chamber was welded to the control cabin, 
a fairing being added to &ive Streamlining, 


CONTROL CABIN 
ee VAD LN 


In the cabin there were: 


Periscope 
Electric Switch for detonators 
ic 


Sodium 
Lights 
Inclination meter 


PERISCOPE 
This was of Midget size and was fixed, 


VERTICAL RUDDERS 
a LUD ERS 


A switch of the design used in the Type 92 torpedo, but slightly 
modified, was fitted in the Cabin. 


DEPTH GEAR (i “ 
ST } 
This is merely a4 handle, behind the pilot, which, through rods, 


inereases or decreases the tengion of the depth Spring, Steer. 
ing air is Supplied to the servomotor throughout the run. 


GYROSCOPE 


Normally when the tube-operated Starting lever is pushed aft, air 
is supplied to the 8yToscope. In KAITEN 10 this air Supply is 
controlled by the pilot. The air Supply must be admi 

quickly ag possible since the disengaging mechanism operates 


Satisfactorily only when full pressure is applied suddenly, 


UPPER HATCH 
me ALOR 
Since only the upper hatch is fitted the KAITEN 10 Cannot be 
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used for submarine entry. It was land-operated only. 
REAR SECTION 


This is the standard rear portion of the Type 92 torpedo, except 
for increased fin and rudder areas, and for a second steering 
air bottle outside the hull on the upper side. The propellers 
remained unchanged. 


GENERAL 


The speciality of this KAITEN is that it can be stopped and 
started with great ease, When stopped it comés to the surface 
and when started it can be submerged by use of the horizontal 
rudders, 


It was first thought that the manufacture of this weapon would 

be easy. Actually great difficulty was experienced in the junc- 
tion of the control cabin to the two halves of the torpedo. The - 
initial defect in the torpedo of water leakage between the bate 
tery chamber and the afterbody was still present. 
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ENCLOSURE (A) 


VIEWS. OF CAPTAIN NAKAMURA, IJIN, .ON 
JAPANESE SHIP TORPEDOES IN SERVICE 


Captain NAKAMURA was a Torpedo Officer. He gave the following Particulars vu. 
his naval career: 


1929 Trained at the Naval Academy on BTA JIMA, including torpedo in- 
struction (Chiefly Type 44). z 


1930-31 asa Prospective Torpedo Officer he took a Special course in tor~- 
pedoes at YOKOSUKA ; 


1938-40 as a Lieut enant~Commander, NAKAMURA captained the Second Clasg 
_ Destroyer ASAGAWA, which used "6th Year® - torpedoes, 


1940-42 Gave torpedo instruction at the Torpedo School in YOKOSUKA. 


1942-43 Captain of the First Class Destroyer SAMIDARE which was fitted 
with two quadruple mountings for Type 93, Model ty Modification 2, 


Opinion or Oxygen Torpedoes 


* 


] A had not exp 
gen plants, in the Ships on wh 


‘The Japanese were alive to this 
occurrence in action. 
besides the mounting. 


Oxygen Piant 


This has been Operated in heavy seas and HAKAMURA. has never known the purity 


ines 





' 
\ 


| 


{ 
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ENCLOSURE (A); continued 


‘of. oxygen to drop below 94%. Under these circumstances, it was the responsi- 
ibility of the captain of the ship to decide Whether the reduced range resulting 
from the use of oxygen of this purity, was justified by the tactical situation, 


To charge sight torpedoes © operated for about a week. Opsra- 
tion for since torpedoes were normally 

} Reserve oxygen bettles for 
charging were not used. 


‘Effect of Temperature on Oxygen Vessels 


In the Pacific campaign, the Japenese found the effects of temperature changes 
On the pressure of Oxygen vesseia very marked. NAKAMURA Stated that in a cruise 
from Japan to the Solomons, the initial pressure Of 220 ke/cm2 Might increase 
on the voyage, to as much 8s 260 kg/cm2. Temperatura at Solomons was circa 

0°C, In such a voyage the pressure in the vessels would be measured periodi- 
Cally and reduced as necessary. In a cruise from the tropics to Japan, the 
circumstances would be reversed and "topping up of the vessel would be carried 
Ut. : 


Torpedo Attacks 


Oa the night of i2 Noventer 1942, the Japanese destroyers SAMTDARE and MURASAMT 
engaged an American light cruiser of the PORTLAND lass off Guadalcanal, Gune 
Lire ensued and MURASAMT was damaged; but she f Type 93, Model 1 tore 
pedoes from a Tange of 1000 yards. bi obtained and the 
cruiser sank in three minutes, 

ings. ‘Two Second intervals were used ach torpedo and a S72o spread of 
one oan es The speed of the cruiser: was about 20 knots and the 8yToO angling 
used was 190, a 


destroyers SAMIDARE, SHIRA- 

Ser NAGARA, engaged an Amerie 

The Japanese destroyers 

ed with Type 90 torpedoes, . except SAMIDARE which had Type 93. NAGARA 

had &th Year torpedoes, From a range of 40006 yards, SAMIDARE and NAGARA fired 
Olight and four torpedoes Tespectively. SAMIDARE obtained two or three hits and 
the cruiser blew Up. 


The Speed of the cruiser Was 26 knots: the @yro angling 26°, the Spread 1° ang 
the time interval between each shot two seconds, 
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-VIEWS OF LT. COMDR. ITAKURA, IJN, ON 
JAPANESE SUBMARINE TORPEDOES IN SERVICE 


An outline of ITAKURA‘S cerper in the Japanese Navy is as follows: 


1936-39: Submarine Navigating or Gunnery Officer. 
1939-40 student at Advanced Torpedo School at YOKOSUKA. 


1940-42 Senior Torpedo Officer of the Submarine I-169 (all the I-class 
were first line submarines). 


1942-43 student at submarine school for seven months. 

1943 For two months captain of Submarine I-176 (completed in 1942). 
1943 For seven months captain of I-2 (completed about 1923). 

1944 For eight months captain of I-41 (completed in 1943), 


1944-45 For about a year Commander of Sufeids Torpedo (KAITEN) Corps at 
OTSUSHIMA, near TOKUYAMA. 


ITAKURA drew attention to the low production numbers of the latest types of 
Japanese torpedoes, During the war, many first class submarines used Type 89 
torpedoes (designed in 1929) or electric torpedoes (Type 92), the latter type 
being more casily produced in quantity than the higher performance Type 95 oxy- 
gen torpedoes. 


Type 92 Torpedees 


Unlike most Japanese submarine captains, ITAKURA liked the Type 92 torpedo 
(with “kite” head} and appeared to rate it as highiy as the Type 95. He dia 
not consider the low speed of the Type 92 a serious disadvantage in visw of the 
easy maintenance of the torpedo and its trackless running. He preferred the 
Type 92 to the Type 89, when the former was fitted with a *kite™ head, 


Type 95 Torpedces 


When Captain of the I-2, ITAKURA carried Type 95 Modification 1 torpedoes, He 
never made an attack with this type, but he fired six trial shots with good re- 
sults. He considered the Type 95 much superior to the Tyne 89 air torpedo. 


Maintenance troubles were experienced with the Type 95 due to rusting of valves. 
The. general condition of the torpedo remained good for about two to three month. 
The pressure of the "first air vessel" was always measured before firing. If 

it had dropped due to leakage the torpedo was not run, but replaced in the tube 
by a spare. Similarly, if en examination the reducer or "group" valve was found 
to be corroded the torpedo often was not run. . 


‘Aceidents 


ITAKURA had experienced no accidents due to oxygen on board submarines, and he 
had sot heard of any. 


No oxygen bottles were carried aboard Japanese submarines. The torpedoes were 


charged at base and then loaded on ta the submarine. Occasionally, torpedoes 
on a submarine were. charged by a pipe line from a cruiser or destroyer. 
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ENCLOSURE (B), continued 


- Useful Range 


ITAKURA considers 4000 yards to be the maximum useful range ef the Type 95. He 
never used the Type 92 at long range but always fired within 1500 yards of his 
target. . 


Attacks 


In 1942 when Captain of the I-169, ITAKURA made two attacks. (The I-169 
earried Type 89 torpedoes). 


(1) -Without result, he attacked a destroyo.: about three miles from Pearl 
Harbor. He was subsequently depth-charged and had to remain submerged 
for 40 hours. He sustained no damage. 


(2) Attacked an American merchant ship of about 12,000 tons (without escort) 
off the east coast of New Guinea. First he fired two torpedoes, with 
a three second interval, securing one hit near the bow. Range 1000 
yards. The ship stopped. 


Twelve minuted later, from 800 yards, he fired his third torpedo, which 
proved faulty and it turned away from the target. 


Twenty minutes later, he fired his fourth torpedo from 500 yards and 
secured a hit near the stern. che-merchantman sank in ebout one hour 
after the first hit. 


Off the Aleutians, while transporting stores in the I-2, ITAKURA attacked 
an American transport of 10,000 tons escorted by one destroyer. ‘The attack was 
made in heavy seas and the I-2 came to about 800 yards from the target without 
detection. From this position four Type 92 torpedoes (all fitted with "kite" 
heads) were fired. Two hits were obtained on the transport and she sank in two 
minutes. Depth setting of torpedoes was 14 feet. 


’ The I-2 did not make a subsequent attack on the destroyer, for two reasons: 


(1) Nine minutes were required to reload the rour tubes. 


(2) The primary duty of the I-2 was the transport of stores. 


Attack Strategy 


Time Intervals:- When firing four torpeacoes in "spread", ITAKURA fired at time 
intervals of three seconds. 


Gyro Spread:- For a 'spread', 14° to 2° was used between first and second, and 
between third and fourth. Three degrees was used between the second and thira 
shot o 


The -*gyro* spread was normally set at this value before loading in the tubes. 
if necessary, the spread could be altered when the torpedoes were in the tubes. 


- Attack Position:= The shaded portion of the diagrams in Figure 218 show the 
area within which ITAKURA considered that he must be, before pressing home an 
attack, In these areas, he claimed that he could get over 60% hits in training 
and 60% hits in action. The potential attack area is greater in case of the 
Type 9% than in the Type 92, because of the greater speed of the former. 
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6 TORPEDO 
FAIR 


FIGURE '218 
‘POTENTIAL ATTACK ARBAS 
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ENCLOSURE (8), continued 


General 


The production of oxygen torpedoes during the war was insufficient for the re- 
quirements of the submarine service, (Thus, an accurate statistical surysy of 
the etfectiveness of Japanese torpedoes during the war cannot be compiled from 
Allied sources of information, unless the type of torpedo used in avery attack 
is known.) 

The striking power of Japanese submarines was greatly curtailed by the fact that 
meny of them were forced to transport stores in forward areas, 


KATTEN ; 

While Commander of the Suicide Torpedo School at OTSUSHIMA, TTAKURA trained 
about 200 volunteers as KAITEN pilots, Each man mais about 20 runs in a KATTEN 
over a period of three months. 


Effectiveness of KATTEN:= TTAKURA could not offe: accurate information o1 the 
ffect of KATTEN attacks, but he thought that the following vessels had been 


ct of & a 
sunk by these torpedoes: - 


2 or 3 aireraft carriers 
2 battleships 

25 or 30 merchant ships 
4 or 6 destroyers 
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FUTURE DEVELOPMENT OF THE TORPEDO 
COMDR. Y. HORI, IIN 


Tactics zi 


He considers that the best weapon for Sinking ships is the One which causes 
damage-in the center of the bottom of the ship. 


Of the two weapons aveilable he prefers the torpedo to the mine, because it can 
be directed towards the target. 


Development work on the torpedo wil] be divided into classes, 


1 - Extreme range attack Class A 
2 - Short range attack Class B 


In both classes the torpedo should have only one speed setting to enable the 
mechanism to be both Simple and thermodynamically efficient, 


Extreme Range Attack 


& & long range 
The range Should be at 
» Hot over 50 knots, 
&@ group from a special 


The torpedo wili be developed fron the 24 Type 93 torpede using a power plant 
Similar to that or the KATTEN Type 2, with concentrated energy partners, i.e, 
Ho05 or nitric acid, ete, 


This torpedo will be carrica by a special class of ship, carrying torpedoes only. 


Short Range Attack 


For this type of attack the diameter of the torpedo will be limited to 21", the 
Speed will be increased to alnost 55 knots (maximum) and the Tange limited to 
3000 meters, 


will be propelled 

sed energy partner 

Warheaas 

He considers that in the Class A there is no difficulty in carrying over g00 
(1760 lbs) of explosive, bit for Class B the maximum weight is 400 ke (go Iba} 


in view of the smaller size of the torpedo, The actual weight carried is a 
matter for discussion with the ship designers, 
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For the greater weight no special type of detonating device is required but only 
@ reliable inertia. pistol. 


For the smaller weight every means must be taken to increase the power of the 
explosion, such as special detonating devices, i.e. explosion should occur be- 
neath the ship's bottom. He has experienced great difficulties with the mechani- 
cal method. and considers that it is not worth further investigation, 


As regards the magnetic pistol, adequate countermeasures can be taken. 


He prefers a system in which the magnetic field is produced by the torpedo hev-~ 
ing one pole at each end. The design is Simple but finally the two poles shonld 
be combined in the head, 


With a torpedo salvo the inertia pistol has to be equipped with a safety device 
to prevent proximity explosion; because of the complexity of the mechanism he 
thinks that the simple lever type should be reconsidered. 


To overcome the increased drag due to a whisker pistol, that for Speeds over 
50 knots, the nose of the torpedo should be fitted with a streamlined rubber 
cover in which the whiskers are buried. 


To deal with torpedo nets explosive cutters must be used, but not in eonjunction 
with an inertia pistol. 


He considers that a streamlined head is not essential for the Class A torpedo 
but must be used for the Class B. The critical speed is about 45 knots. The 
present form is approaching the ideal and not much further gain can be expected. 


Pressure Vessels 


The modern method of making the joint of the detachable end is satisfactory. 
if forging methods can be improved he would forge the vessel with one integral 
end as in the Type 93 Model 3 and would’close in the other end to reduce the 


size of the opening as much as possible, so that only a plug need be used to 
seal the end and to enable cleaning to be done. : 


For the future he considers that the problem of welding the vessel should be 
investigated. , 


For making the- joint a softer material that copper should be used. If a suit- 
able plastic on the lines of silicone resins could be found it would make a 
more satisfactory ‘washer, 


For the smaller vessels, (water, fuel, and oil bottles) a solid drawn tube with 
the ends welded in is the best. 


Energy Source and Cycle 


For the Class A torpedo, since range is the prime consideration, alternative 
energy carriers besides oxygen must be considered. 


He considers that theoretically the usé of H202 would increase the range to 
more than twice that of pure oxygen but that the design factors of the torpedo, 
i.e. negative buoyancy, etc., will limit the gain to 40 - 60%. Hydrogen per~ 
oxide and nitric acid and other condensed energy partners should he investigated 


The wet heater cycle, because of the high exhaust losses, is not the best cycle. 
From the point of view of efficiency, the internal combustion cycle is best, 

the diesel cycle being the ideal, Commander HORT stated that the British semi- 
internal combustion cycle was in the right direction and half way towards it. 
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For tne visass A poeecue the short range required permits the uae of atmosnheric 
aic or electric battery. ‘tne main object is simplicity una ease of bandling, 
in view of the amall number of personnel available, the large numbers of tor 
pedoes which must be carried and the short time in which attacks can be made. 


Group and Reducer 


The Whitehead type of group is very skillfully designed and requires no improve- 
ment. 


Not much improvement can be obtained from the present type of reducer. The 
ideal is @ single stage with oil damping device. 


When large quantities of gas have to be dealt with the force on a single spindle 
is too great, so a balanced valve with a small pilot reducing valve, as is used 
in the turbine, is the most suitable. This has the additional advantage that 
the oil for lubrication is separated from oxygen by the diaphragm, 


Circuits 
Valves 


He considers that ail stop valves should be mechanically operated. The ideal 
valve design is one which employs a membrane which in the case of the subsidiary 
valve is pierced by the pressure, 


Watex ; 


Commander HORT considers that taking the whole torpedo design into consideration 
the gear pump, even for high pressures (40 ke/cm2; 568 lbs/in2) is the most 
suitable on account of weight, space, Simplicity, and absense of vibration, 


Further development work to obtain the best tooth form, method of lubrication 
and optimum RPM should be carried out. With this type of pump a mich smaller 
buffer chamber merely to control the pressure would only be needed. 


He would continue to use sea water as diluent for Class A torpedoes but. would 
employ fresh water for the Class B, 


Fuel 
As the calorific value is much the same for all hydrocarbon fuels, he would: 
still use paraffin for the existing cycle. 


‘For a diesel cycle he would use a reciprocating pump because of the high pres- 
sure and accurate metgring. The maximum limit of pressure for a gear pump is 
50° ke/om® (710 lbs/in*), 


Lubrication 
For Class A the lubricating 011 must be circulated in order to minimize the 
track and to reduce the consumption. The use of different qualities of oil may 


be necessary to lubricate highly loaded parts. An oil should be developed with. 
a flat viscosity temperature curve: 


Investigation into ball, roller, and oil impregnated bearings should be made. 


Generator 


He considers that the two most important points are: 
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plete combustion of the fuel with the minimum quentity of oxygen 
2 =- Rapid and complete Svaporation of the water before leaving the generator 


For Item 1, research must be carried out on the design of Sprayer itself, on 
the number used and the arrangement. 


For Item 2, intimate contact between the 
he maximum a 


As regards the heat losses, these can be reduced to almost zero by the use of 
&n unbreken film of water cOvering the internal walls of the combustion chamber, 
aS in the 24" Type 93 torpedc, 7 : 


in view of the high gas velocities it is not hecessary for the generator to be 
vertical, 


Results of dynamometer tests had shown: 
1 - That the ovaporatig of the water bgcame bad when the éenerator pressure 
fell below 16-18 ke/em (227-256 1bs/in@) 


2 - That the maximum output in hp séc/kg of Oxygen occurred at an oxygen 
fuel ratio ar 208. ~ 3.0 when the Percentage of CO and 02 were not at &@ mini. 
mum. 


Commander HORI considers the reason for this to be that combustion is delaved 
and occurs in the cylinders as well as in the generator and had a tendency to- 
wards the semi-internal combustion cycle, 


- . 
‘With regards to igniters he considers that two igniters are sufficient for the 
wet heater Oxygen torpedo but that three are necessary for a Semi~internal com- 
bustion cycle using air. 


Power Unit 


For the Class A the engine efficiency is most important and he considers that 
the reciprocating engine is the ideal prime mover, 


A turbine Operating on steam cannot be used because of its low efficiency, while 
& gas turbine is not practicable because of the high temperatures and the un- 
steady combustion, 


Prove the efficiency he considers that there sho 
ders and that a big expansion ratio should be used. In view of the size and 
weight of the whole torpedo, the engine weight can be considerably increased 
since it is a smali fraction of the whole, 


A cylinder arrangement of two rows of vertical cylinders or a V-type is not suf- 
ficiently Sompact unless the engine can be water-jacketted, 


He is of the, opinion that the swash plate type with horizontal cylinders is the 
best and if Possible it should be doublewacting to give a big output with smell 
heat losses, ee 


In addition, this type can be balanced so that the SyToscope, etc., are not 
affected by vibration. 
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ENCLOSURE (C), continued 


Since the generator system is bad thermodynamically it should be made as gmal) 
&S possible ang ulitmately disappear, 


in the intermediate stages, development work on two-cycle ®ngines with hot wixs 
ignition should be carried. out, 


In general, for both classes, the poppet valve and cam System is desirable be- 
cause any timing can be Selected {slide valves must be used with sea water), 


He further Considers that the fotary valve ig the ideal put presents many dirri 
culties in its cooling, lubrication and Prevention of leakage of gas. 


Tea should be as large ag Possible Provided rudder control is not ar. 
fected, Research on this point should be Carried out in wind tunnel tests, 


In the case of the rudders the area should be as large as practicable since 
large area and small rudder angle ig preferable to the reverse, 


The form ang area of the vertical fins and rudders have an important effect on 
rolling, Rolling may be reduced to & Minimum by a suitable Telation between 
the top and the bottom, 


Commander HORI is of the opinion that it is better to overcome the tendency to 
roll rather than to design a universal controller to replace the depth gear and 
&yroscope, 


Hull and pro ellers 
————ropeliers 


already been dealt with in another section of the Teport but the 
following are additional points which Comdr. HORT considers to be important, 
research on Propellers should be carried out in a test tank with full- 
Scale Propellers, He ig emphatic that the trials Should be carried out using 
the afterbody, 


1 require a Teduction gear between the engine and the 
the engine Speed will be igh, 


The jet action of the exhaust gases ig negligible at low speed but may have to 
be taken into account at high Speed, 


He considers that as a result of the turbine torpedo ©xperiments a Speed of 70 
Cts can be Obtained without Serious loss in propulsive efficiency, If the 
efficiency is allowed to fall below 50% a maximum speed Of 100 knots is Possible, 


As far ag manufacture ig concerned he is Of the opinion that each blade should 
be machined seperately ang welded to the boss, , 
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Depth Gear 


Comdr. HORI considers that the service depth gear with weight and hydrostatic 
valve is the best but Prefers the American system of an air-tight depth gear 
casing so that the depth setting is not affected by air lsaks in the balance 
chamber, 


The position of the depth gear should be as nearly as possible at the center of 
gravisy and the hyarostatic vaive suould be placed where there is no_ turbulence, 


This opinion is pasea on the results obtained with the Type 92 which had the 
depth gear in the afterbedy. 


The American system of adding pressure due to velocity to the static pressure 
so that the inclination of the torpedo is used to assist in correcting the 
depth, should be studied for high-speed torpedoes, 


Attention ust be paid to a second depth Setting below the regular one for pre= 
venting break surfaces, " 


For higne: speea torpedoes his experience with the Type F turbine torpedo is 
he weight of the pendulum must be increased to obtain greater Sensitivity 
to inclination and thus correct inclination more quickly. 


AS @ general principle, near the set depth the torpedo should be controlled 
mainly by the pendulum but large deviations should he corrected mainly by the 
hydrostatic valve, 


To obtain larger rudder angles as the torpedo inclination increases is desirable, 
and work on the lines of the German gear with clearance between the pendulum arn 
and the depth spring should be undertaken, 


For the servomctor for the Class A torpedo, oil or water pressure should be used 
instead of air so that no wastage Occurs, the pilot slide valves Still being air 
operated. The standard arrangement is satisfactory for Class B, 


gyroscope 


For Class A torpedo improved direction: keeping is essential, Commander HORT 
considers that an electrically driven &yroscope wheel with air blast starting 
is the correct solution. The balanced diaphragm will be unchanged. Good vibra- 
tion dampers will be needed, 


The use of water or oil pressure for the steering engine should be adopted in 
the same way as for the depth gear servomotor, 


For the Class B torpedo the standard éyroscope will be satisfactory vrovided 
better bearings and better mountings are fitted to withstand shock on entry in- 
to the water and engine vibration, 


In. general, he likes the American system of collecting into: one unit both the 
depth gear and gyroscope. \ 


tal, i an c D to the deviation of 
the torpedo from the true course, “This has been partially realized in one of 
the German torpedoes, 


"W" gear shouia be considered only for attack On cottvoys and not for use for 
attacks oni warships, 
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Enemy~Seeking Torpedoes 


fhe teShnical difficulties in developing an enemy-seeking device for Class B 
torpedoes does not justifv the work involved except in the case of the electrie 
torpedo where there is csiectricity available and the arrangement of connections 
between the two ends of the torpedo is easy. 


For the air torpedo the best method is to develop suitable tactics and co press 
home the attack, i.e. methods of attack and numbers fired are more important. 


For the electric torpedo an acoustic gear can be developseg. In this system 

& réveivers are. installed in the tip ot the head, partly to avoid interferences 
from propeller noise and to avuid instability due to cavitation at high speeds. 
Development work on the material and form of the outside layer must be carried 
eut and-the frequency of the supersonic wave utilized must be carefully selected, 


One idea is for the parent ship to emit sound waves which are reflected from the 
target to the torpedo. Alternatively the torpedo can bs directed ont: the tar- 
get by the use of a supersonic beam emitted from and controlled by the parent 
Ship. One difficulty, perhaps the main one, will be the effect of the torpedo 
propeller noise on the beam. 


emote Control 


For Class A torpedoes, enemy-seeking devices are useless an@ some form of remote 
control must be devised. The lack of this control was the one defect cf Type 
93 torpedo. : 


Commander HORI considers that two methods might be realizable: 


1 = The use of ultra-short electric waves to control a torpedo which rises 
to the surface at stated intervals, 


2 -~ The use of lang waves to control the torpedo when running at its set 
depth. (This type of wave can penetrate from air to water.) Actual control 
will. be by means of a.plane which will direct the parent ship on which the 
transmitter is- erected. 
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STUDIES ON. COLLOIDIAL TIN ‘DIOXIDE AS 
A STABILIZER FOR HYDROGEN PEROXIDE 


by 
Fusao ISHIKAWA 


(Chemical Institute, Faculty of Science, 
Tohoku Imperial University) 


It has already been determined that tin dioxide sol or gel is a very efféetive 
stabilizer for hydrogen peroxide. However, most of the previous experiments 
have been made with hydrogen peroxide of small or medium concentrations, and it 
is uncertain whether tin dioxide is still effective for concentrated hydrogen 
peroxide, such as. 80% (by weight}. This investigation was originally’ planned 
to find some inorganic stabilizers for concentrated hydrogen peroxide, and after 
several preliminary experiments, tin dioxide ina colloidal form was found to 
be satisfactory to the present purpose. 


Experiments 
a. Materials and Method of Experiment 


Preparation of’ tin dioxide sol and gel - These colloids were prepared according 
to the prescription described in E on page 14 of Sauer's Kolloidchemisches 
Praktikum. Tin tetrachloride was dissolved in water and the clear solution was 
heated to boiling. The precipitate thus obtained was washed three or four tines 
py decantation, and then peptized by adding a small quantity of ammonia. An 
excess of ammonia was expelled on the water bath and the sol diluted with water 
to the appropriate volume. By adjusting the quantity of ammonia, tin dioxide in 
a gel form was obtained. 


Hydrogen peroxide - Most of the measurements were made with 80% hydrogen per= 
oxide, Sixty per cent hydrogen’ peroxide of commercial quality which contains 
some stabilizers, such as oxine, pyrophosphate etc., was redistilled in vacuum, 
using Pyrex glass vessels in order to get rid of gtabEbtsers, and a distillate 


of 80% concentration, which was free from any admiztfime. wa- collected and used, 


Method of measurement - The comparative tests on stabilizing effect were made 
as follows: 


Several glass bulbs, each of which has a water condenser and contains about 25 
ce of the sample, that is, a mixture of hydrogen peroxide and a stabilizer, 
were kept at 96°C for 24 hours, during which a small quantity of the sample was 
taken out at regular intervals and the concentration decrease of the hydrogen 


peroxide determined by a permanganate method, Some measurements were madé at 
50°C for a longer period. 


b. Results of Experiment 
, Experiment 1. 
Stabilizer 1. Sn0g(gel) 0.3%, Na,P207 0.02%, H3P0,(90%) 0.015% 
Stabilizer 2. Sn0g{sol) 0.03% 
Stabilizer 3. mQ2(gel) 0.03% 


The above figures represent the percentage concentration of each stabilizer in 
hydrogen peroxide solution. : 
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Table 1 
Temperature 960 


Concentration of H202 


[stabinizer 2 | steditizer 2 


{Concentration 
decrease after 
24, hours 


The above results show that Sn02 sol or gel is a very excellent stabilizer for 
concentrated hydrogen peroxide. ° 


Experiment 2. 


The stabilizing effect of oxine may be improved by adding tin dioxide gel as 
shown in Table 2. 


Btabilizer 1. Oxine 0.03%, Na,P207 0.02%, H3P0, (90%) 0.015% 
Stabilizer 2, Stabilizer 1 + Sn0> (gel) 0.03% 
‘ Table 2 
t 


Concentration 
decrease after 


Experiment 3. 


Similer experiment was conducted at 50° for 40 days, using the same stabilizers 
as mentioned above, ~ 


When Sn0o gel was present, the decrease in concentration between 33 and 40 days 
was found to be less than in the case of Stabilizer 1 without $n02, If the ex- 
periment were continued for a longer period, the effect of Sn0o would be expect- 
ed to appear more prominently. 


Experiment 4. 


' The stabilizing power of Sn02 is considered to be dus to its adsorptive power 
for heavy’‘metal ions-which may accelerate the decomposition of H202. The ex~ 
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ENCLOSURE (DJ, continued 


periments, therefore, were carried: out in the presence of Fe and Cu. The re- 
sults are shown in the Tables. 4 and be 


Table Bo . 

CMperavure 50 
Concentration of H202 (%) 
Stabilizer 2 


9005 
90 ol 
90-3 
9003 
900k 
8967 


Temperature 50°C 


Concentration of Hs0 2 


i erat 


The above resuits show that tin dioxide is able to reduce the injurious effects 
of Fe and Cu. Similar results were obtained in the experiments on Pb and Cr. 


Gonclusion 


On the basis of the foregoing experiments, it can be concluded that colloidal 
‘tin dioxide is quite m.effective stabilizer for concentrated hydrogen peroxide, 
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NavTechJap 


Document No, 
Nenana 


ND50=3050 


ND50-3051 


ND50-3056 
ND50-3053 


ND50=3058 
ND50=3055 
ND50=3056 
ND50=3057 


ND50=3058 
ND50=3059 
ND50-3060 
ND50-3061 


ENCLOSURE (E) 


_ LIST OF JAPANESE DOCUMENTS 
FORWARDED TO THE WASHINGTON DOCUMENT CENTER 


Specifications of metals used in Japanese Navy - 
Sept. 1936 


(a) Test data of throttling holes in generator of 
Type 95 torpede 


(bd) Generator nozzle rating data 
(c) Nozzle flame test data 
(a) Rough Plan of DAINYU installations 


_{b) Data of running teat of Type 95 torpedo 


(a) Torpedo instruction book - 1935 (2 copies) 
{b) Torpedo instruction book; diagrams (1 copy) 
Theory of Depth Mechanisms 

Primary manual of torpedo instruction 


Notes on No. 6 Engine 


(a) Test data on Types 91, 95, 96, ana 98 torpedoes 


(b) List of various parts for Types 93 and 95 
torpedoes 


Oxygen senerating agents 
Test data of KAITEN 4 generators 
Recoraer for Tanging measurements ~ 1937 


Torpedo screw data ~ 1939 
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ENCLOSURE (F) 


TORPEDO EQUIPHENT SHIPPED TO ORDNANCE 
INVESTIGATION LABORATORY, INDTAN-‘ 
YLAND 


NevTechJap Quantity 
Equipment No. 


JE10~4677 
4678, 4679 


JE10-4878 
JE10-4680 


JELO-4681 
4682, 4683 


Fatamases 3} 
- +hB67 (1-2 
“4877 


TE1O~4.699 


JELO=-4.693, 
heon, 4695: 


TEL0«1,697 
eos, 4698 


h 
TELO~i,876 


TELO=/,684, 
1685" 


JE10=1,975 (1-3) 
JELO$4,976(1~2) 
1883 

TELO=4,.686 
687 
“4688 
-4375(1-3) 
JELO4,882 
TEL0-4861 
JR10-14.880 


TEZ2~1062 (1-4) 
JE21-4987 


JE21-4,510 
JB22=1063 (Ld) 


HEAD, MAR 
Descriptica of Itens 


ere, 
6th Year Type Torpedoes 


6th Year, Model 1, Torpedo 


6th Year, Modification 1, Torpedo 
6th Yoar, Modification 2, Torpedoes 


8th Year, Medel 2, Torpedoes 


8th Year, Mr 2, Torpedo 
8th Year, Mk 2, Modification 1, Torpedoes 


Sth Year, Mk 2, Modification 2, Torpedoes 


8th Year, Model 2, Modification 2, Torpede 
Type 4k Mr Torpedoes 


Type 44, Model 2, Torpedoes 
Type 89 Torpedoes 


Type 90 Torpedoes 


Type 91 Torpedo 
91, Model 1, Torpedo 
91, Model 2, Torpedo 
91, Modification 3, Torpedoes 


91, Model 3, Torpedoes 
91, Model 3, Torpedoes 


91, Model 3, Strong Torpedoes 
91, Model 3, Strong Torpedoes 


436 














CONFIDENTIAL 


WavTechJap. 
@ 


JELO-4879 (1=3 } 
4890 

JE10©4,667 
~k668 
-4669 

JE22-3263 
3264 
=3265 
=3266 
=3267 


JELO~4864, 
~he7k(1-2) 


JE10-4670 | 
~h671 


~4672 

~1862 (1-3) 
JE10-4863 (12) 

-4873 


“467 
n4872(1-3 ) 


TEBLO-4676 
#871 (1-3) 


TE1L0-4,698 
JELO=4861(1-3) 
TELO-4870(1=3) 
'TB22=1506 
=1507 
1508 
-1509_ 


FB10-4,658 
4659 | 


JE1O-14,660 
~4662(0-1) 


oh853 
wi (1-2) 


TELO~4663 
“1889 (1-2) 


TELO-4.653 
: h 654, 
h655 

~L891(193) 
FE2201510 
wa 


Quantity 


& 


é 


12 


0 -01-1- 


ENCLOSURE (F], continued 


Type 


Type 


Type 


‘Type 


Type 


fype 
Type 


Type 
Type 


Type 


T7pe 


Type 


Type 


Type 2 





91, Model 3, Spesial Torpedoes 
92, Modification 1, Tcrpedoes (Electric) 


92, Modification 1, Torpedoes (Electric) 


93, Medel 1, Porpedoes 


93, Model 1, Modification 1, Torpedoes 


93, Model 1, Modification 2, Torpedoes 


93, Model 1, Modification 3, Torpedoes 


93, Model 3, Torpedoes 


94 Torpedo 
94, Model. 1 (Temporary Designation) Terpedoes 


94, Model 2, Torpedoes 
94, Model 2, Torpedoes 


95, Modification 1, Torpedoes 


95, Model, 2, Torpedoes 


96 Torpedoes 


2 Torpedces 


Torpedoes 
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HavTeohsJap 
ULPMNeD 


21512 


Boe 


FELO-4884 a 
#4885 (1=3 


JE1LO¢4656 
= $627 


ahs 
~)887 (1-3) 


JEB21-4508 
TH22—1061 (1-8) : 


JE10-1,690 
-4691 
=1,692 

TE21-4,990(1-3) 

TEL0~4499(1) 

JE21-4991 

TE2I@4511 

JE21~4988 


JE21-4518(1l92) 


TE21-4,505 
JE21“4,507 
JE21~4965 


FE22-1501 
~L5 Ok 


TE22=1502 
=1505 


JE22-1521 


JE22-1522 
@h523 


JE21~4517 


TEBLO=4768 (2-6) 
-4,769(1=26 
=4770(2-13 


Quantity 


a 


>. 
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ENCLOSURE (F), continued 


Deacription ef Items 


fype 2 (Tesperary Designation) Terpedeea 


Type 2 Special Terpedees 


Type 4 Torpedoes 
Type 4 Terpedecs 


Type 4, Me 1, Medel 1, Aerial Torpedecs 


Type 4, Medifieation 1, Medel 1, Torpedeses 
fype 5, Bleven Inch, Torpedegs 
Type 5 (Recket) Toerpede 


“Medel 6 Aerial Toxpedo Bomb 


Medel 7 Aerial Torpede Bemb 

Medel 8 Special Torpeds Bombs (Cemplete) 
Type 1 Aerial Terpede (yet Propelled) 
Type k Terpeds Engine - 220 HP 

fype ut Terpede (witheus Head) 

KAITEN Type 1 (Bedy) 


aT 


KATTEN Type 1 (Terpedses) 


KAITEN Type 2 (Bedy) 
KAITEN Type 4 (Body) 


Buffer Aerial Torpede Wing 
TORPEDO EXPLODERS - 
4th Year Type, Mk 1, Model 1, Explodexs 
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BevFesasep 
Equipment equipment Ne. 


FEL Q-5 573: 
= ae i} 
“tego! 


ee 
Ee2-341h 


~B415 
23416 


TELO~4571( imk 
“4572 (lel, 
4573 (1~7) 
~4574 (1-11) 


oe peat as 
4570 (1918 


sere tee) 
JE22 


JELO~L848 
TE1LO~4569 roi } 


4.57 (1-11 
-4575 (1k) 
45 76 {i=2 
4578 (lek 
h579( 193 
4581 (1-2 
=4582(1-3 
A583 (182 
apogee 
74585(1-12) 


JE22=3402 


TELO=4568 (1516) 
4.769 { 1~26) 
~847 


4 
JE22-3418 


JE22=3258 
=3259 
3260 
= 3261 
~ 3262 
3411 . 
~3412 
3413 


JE22~ 3410 
TE21L=4426 
JE22=3409 


ENCLOSURE (F), continued 


Description of Iteng 
Type 90 Expleders 


90, Model 2, Exploders 
90, Model 2; Exploders 


90, Model 2, Strong Exploderg 
91, Model 1, Exploders 


Type 91, Model 2, Exploders 


Type 91, Model 3, Exploderg 
Types 92, Model 3, Explodera 


Type 98, Model 4, Exploders 
type 2 Explodeza 


2 Special Torpedo Explodera 
2, Modification 1, Exploderg 


2, Modification 1, Exploders 
2, Medel 2, Explederg 


3 Exploders 
4, Mk 1, Model 1, Exploders 
4, Model 1, Modification 1, Exploders 
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NavTechJap 
Equipment No. 


JE1L0=484.6 
TE1LO@4496 
JELV~4998 


TE21~4973 
JE21~4075 


4338 
TE23~0011 (8-13 } 


JELO=1,712(1-2) 
SBL0~4619 
4,620 
4621 
“1,622 
-1,623 
62h 
4703 (1-2) 
TELO~1,613 
~h614 
4615 
A616 
~h617_ 
-4702(1-2) 
JSE10~1,701 
JB10-4618 
TELO-4,708 
JE1LO-4.705(1-2) 
JE10-4.704(1=2) 


raNenhB 3811-3} 


JE10-4.706- 
JE10-3707 
TELO-4625— 


JE22-1500 
=1503 


FB2221520 


JB22-1524 
1525 


Quantity 


1 Br 
1 Br 


Type 
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ENCLOSURE (¥), continued 


Deseription of Items 
he tata nae Ane Sete ee 
Type 10, Model 2, Exploders 
Whisker Type Exploders 


“Torpedo Pistol (3) & Tool Kit (1} 


Assorted Torpedo Exploders 
Assorted Torpedo Exploders 


Assorted Torpedo Exploders 


TORPEDO WARHEADS 
a ee 
4th Year Type Aerial Torpedo Warheads 


6th Year Type Torpedo Warheads 


Sth Year Type Torpedo Warheads 


44 Torpedo Warhead 
89, Medel 2, Torpedo Warhead 


Type 
Type 
Type 
Type 
Type 
Type 93 Terpede Warheads 


90 Terpedo Warhead 
91, Modification 2, Terpedo Warheads 
93, Medel 1, Modification 1, Torpede Warheads 


2 Terpede Warhead 
2 Special forpede Warhead 
5, Medel 2, Torpede Warheads 


Type 
Type 
KATITEN Type 1 Torpedo Warheadgs 


KATTEN Type 2 Terpedo Warheaa 
\ 
KAITEN Type 4 Terpedo Wazheads 
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ENCLOSURE (F), continuea 

NavTechJap Quantity -Description of Items 
Equipment Noe 
TH21-1,986 *OR' ~2 Torpedo Warhead (body only) 
TE21-4985 _ Net Cutters for Torpedo warheads 

\ TORPEDO EXERCISE WARHEADS 
JE10-4869(1-9) _ 6th Year Type Exercise Heads 
TELOW4 594 6th Year Type, Model 2, Exercise Heads 


JE1L0~4892 9 8th Year Type Exercise Heads 
(20-22, 25~30) 
Teen : 8th Year Type, Model 2, Exercise Heads 
oh 
-4601 
~4630 
TELO~4589 3 Type 44 Exereine Heads 
~4869(10) 
~4892(1) 


TELO-4586 Type 89 Exercise Heads 
4892 (13-19) 


JE1LO~4892 Type 90 Exercise Heads 
(23~24) 


JE10-4599 2 Type 90, Model 2, Exercise Head 


JTE1LO-4892 Type 91 Exercise Heads 
(16=17) 


JE1LO-4602 Type 91, Model 2, Exercise Heads .. 
“eo, | 
4605 
~4892 (31-36) ’ 
JE22-1064 (1-4) Type 91, Model 3, Exercise Heads 
JE22-1065 (1-4) ! Type 91, Model 3, Strong Exercise ”.uds 
TE1O-4E92 (hold ) Type 93 Exereise Heads 
TE1L0-4989 (2) Type 93 (Large) ‘Exercise Head 
JELO~4.939(3=6) Type 93 (Small) Exercise Heads 


Type 93, Model 1, Modification 1 and 2 Exercise 
Heads 


TELO=-Lh869 (20=25 } Type 94, Model 2, Exercise Heads 


44\ 





0-01-1 


HavTechJap Quantity 
Equingent Ne. = ___ 


TELO4989 (1) 
892 (12-15) 


TELO=1,606 
~4607 
~4608 


1,609 
-1869(11-17) 
_ JELO-4969418-19) 
JB10-1,892(2-3) 
3E2201516 


TE1LO0~i,587 
=f,588 


TE10~1,4.99(2) 


JE10~/,611. 
~1,612 


JE10-4.776 
A777 


4560 (1- 
=§768(1~6 

hh 769(1-26) 

TR22-3423 


© JBL0$4 542 (194 
=f 513 (lak 
a4545(1=4 


| 7 ELOW4852 
| -3EL0-4849 


FE1O-A544,( 1b) 
ASK L8h) 
4552 (1=3 
“A553 (1-4 
-4556(1-5 
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ENCLOSURE (F), continued 


Description of Items 


Type 95 Exercise Heads 


Type 95, Medel 2, Exercise Heads 


Type 96 Exercise Heads 


fype 2 Exercise Heads 
Type 2 Exercise Heads 


Type 2, Model 2, Exercise Heads 


Type 5 Eleven Inch Exercise Heads 
Radice Type Exercise Heads 


Type Z 2 Smoke Filled Torpedo Heads 


4th Year Type Gyros 


4th Year Type Gyros 
kth Year Type, Modification 2, Gyres 


4th Year Type, Model 2, Gyros 
6th Year and 8th Year Type Gyres 
Type 91 Gyros 
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irnipuent 7 
equd t No 
JE22-3403 
34,0 
JE21-1,992 
JE21-4993 (2) 
TE21-.994.( 1-2) 


Fen ee faze) 


JE21-4987 (1-2) 
TE21-4510 (1-2) 


TELOWL 54S ( oh 
-4567(1-k 


TELOW4.557 (1h 
JEZ1“-4.995 (1-3 


JELO“4554 a 


~4555 (1-4 
=4556(1=5 
4558 (lel, 
~h559(1-h 
~h56L(I~B 
- 9562 (1-b 
“4563 (1-4 
“564 (LoL, 
~4565(1-h 
“h566(1-4 
-4850 
JE22=3105 
-34,06 


TE22-3425 
; ~34.28 
TE21@14,508 (1-2) 
JE21-4996(1-3) 
JE1O-4.759(1-10) 


TE21=4.998 (1-2) 
JE21-4,997 (1-2) 
| JE21-4997(1-3) 
JE1LO-4,760 (1-2) 
TELO-4.755 (1-6) 


ENCLOSORE (FJ, continued 


Description of Items 


EERE 


Type 91 Gyros 


Type 91 Gyros Modified for Type 2 Torpede 

Type 91 Strong Gyros 

Type 91 Gyros for Use in Midget Subs and PT Bouts 
Type 91, Modification 1, Gyros 


Vik 91, Model 3, Gyros 
Mk 91, Model 3, Strong Gyros 
Type 92 Gyros 


“Type 98 Gyros 


Type 98 Gyros 


‘Pype 98, Modificaticn 1, Gyros 


Type 98, Modification 1, Gyros 
Type 2 Gyros 


Type 4 Gyros 
Electric Gyros 


Type 2, Modification 1, Gyro Compasses, Torpedo 
Practice Scuttling Clocks 


Type 2 Recorder Mechaniams 
fype 92 Recorder Mechanisms 
fype 93 Recorder Mechanisns 
Radio Recorder Mechanisms 


Assorted Recorder Mechanisms 
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NavTechJap Quantity 
Equipment No. 


JE21@1.971 

~h972 
JE22-3507 
TE50=-1256 


JE50-1261(1) 
JE50~1239(1-7) 


JE22-1052 
JE50-1143 
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ENCLOSURE (F), cont tnued 
Description of Items 
Assorted Recorder Mechanisms 
Assorted Recorder Mechanisms 
Parts for Recording Depth Gauges 
Recording Depth Gauge and Accessories 
Assorted Depth Recorders 
TORPEDO TUBES 
Type 92, Model 4, Quad Mount Torpedo Tube 
Torpedo Tube with Equipment . 





